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We have developed a new and highly stereoselective approach to indolizino[8,7-
b ]indole derivatives such as (A) and indolizino[2,3-a ]quinolizidines (B). Our protocol 
involves the cyclisation of pendent aromatic substituents onto N-acyliminium 
intermediates as a key ring-forming step. The indolizino[2,3-a]quinolizidines are of 
great interest and significance since this heterocyclic template is found within a 
plethora of indole alkaloids. 
(A) (B) 
In order to demonstrate the synthetic potential of this methodology we have 
established conditions for removal of the pendent hydroxymethyl substituent from 
cyclisation products such as (A) and (B). Furthermore, we have demonstrated the 
functionalisation of our cyclisation produc\s via conjugate addition chemistry. 
We have utilised this methodology and herein describe the asymmetric synthesis of 
both enantiomers of deplancheine (C), furnishing the natural product and its 
enantiomer with >95% e.e. Our route relies on a highly stereoselective cyclisation 
reaction to access the indolizino[2,3-a ]quinolizidine template from a readily available 
non-racemic chiral template. 
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Chapter 1 
Introduction 
1.1 N-Acyliminium Ions 
1.1.1 Brief History 
In the last few decades progress in the art of organic synthesis has been achieved 
through marked advances in classical and newly developed reagents in terms of their 
chemo-, regio- and stereoselectivity. With respect to the former, the Mannich reagent 
(1) and the amidoalkylating reagent (2) are well known. The latter of these two, also 
known as an N-acy!iminium ion, had been primarily designed to allow Mannich type 
condensations with primary amines. 1 It emerged, however, that the N-acyliminium ion 
has highly versatile reaction characteristics in a much broader sense, reflected in an 
impressive number of synthetic applications; the majority of these reactions are of the 
intermolecular type.2• 3 The study of intramolecular processes has demonstrated the 
reactivity and selectivity pattern of amidoalkylative reagents in another dimension. 
(1) 
1.1.2 N-Acyliminium Ions in Synthesis 
The development of cyclisations that proceed via N-acyliminium species is relatively 
recent, in contrast to cyclisations involving iminium cations, such as the venerable 
Mannich reaction,4•·b the Bischler-Napieralski reaction5 and the Pictet-Spengler 
reaction. 6 Both types of intermediate have been employed extensively in the synthesis 
of alkaloidal and related systems, including some early uses of N-acyliminium ions in 
amidoalkylation reactions. 1 
N-Acyliminium ions (2) are an important class of electrophile, which participate in 
carbon-carbon bond forming reactions. Reactions between N-acyliminium ions and 
nucleophiles (also named amidoalkylation or Mannich-type condensations) have been 
utilised frequently to introduce substituents at the a-carbon of an amine. The 
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mechanistic scheme applicable to most arnidoalkylation reactions is shown in Scheme 
1. Through acid activation, precursor (3) can be induced to form the corresponding N-
acyliminium ion (2). Subsequent reaction (irreversibly) of a nucleophile yields the 
substituted product (4).7 
R1 R1 
R2X~I(R4 Acidiccatalyst R2Y~YR4 _N_u_c_le_o_p_hi_le...., 
Ra . X 0 Ra 0 
X = Cl, RCOO, RS02, 
N3, R-0, R-S 
(3) (2) (4) 
Scheme 1 
This scheme closely resembles that of an SN 1 process. Although at present kinetic 
data pertinent to this type of amidoalkylation is unknown, a study by Zaugg and 
Martin8 distinguished between two extreme kinetic situations: 
(i) Formation of the N-acyliminium ion is rate-limiting. 
(ii) Reaction of the nucleophile is rate-limiting. 
The former case would imply that a more stable N-acyliminium ion leads to a faster 
reaction whereaS in the latter case the opposite is true. Other factors which influence 
the rate of amidoalkylation are the nature of the leaving group and the solvent, as well 
as the structure of the acidic catalyst. 
An important side reaction in N-acyliminiurn ion chemistry is enamide formation via 
the loss of a proton. 1n an acidic medium this reaction may be reversible but this is not 
always the case. Subsequent nucleophilic reaction of the enamide with the N· 
acyliminiurn ions still present can lead to dimeric structures. Such problems may arise 
if the N-acyliminiurn ion is not trapped fast enough by a nucleophile. Factors which 
may facilitate this are: 
• The nucleophile is not very reactive. 
• There is too much steric hindrance. 
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• Stereoelectronic factors are unfavourable (intramolecular case). 
• A medium or large-sized ring is to be formed.7 
1.1.3 Reactivity of N-Acyliminium Ions vs Mannich (lminium) Ion ' 
Intermediates 
It has been established throughout the last two decades that substitution with electron-
attracting groups at nitrogen renders the Mannich-intermediate (5) considerably more 
reactive by enhancing its cationic character. Of such modified cations the N-acyl 
derivative (6) and the carbamate (7) have been most widely expioited through the 
application of other electronegative substituents such as the amide (8) and N-tosyl (9) 
cations. Depending on the type ofR1, R2 and R3 numerous cyclic and linear forms can 
be distinguished and new variations such as the hydrazonium (1 0) can be utilised. 9 
(5) R4 = H, alkyl 
{6) R4 =acyl 
{7) R4 =COOR 
{8) R4 = CONR2 
{9) R4 = Tos 
{10) R4 = NR2 
A study by Wurthwein10 et al. compared the 13C NMR spectra of the iminium salts 
(11) and (12) and found that substitution of anN-methyl by anN-acetyl group leads to 
a downfield shift of the imino carbon absorption of approximately 5 ppm. Thus, one 
may predict that N-acyliminium ions are more electrophilic, i.e. more reactive than 
irninium ions. 
184.6 ppm 
Ph ) ,H 
LNJ3 P~- Me 
e 
SbCI6 
{11) 
189.7 ppm 
~Ph 0 Ph)l,~)lMe 
I 
H 
e 
SbCI6 
{12) 
The difference in reactivity in intramolecular reactions is well illustrated through 
olefin cyclisations applied to Erythrina alkaloid synthesis in work carried out by 
Boekelheide and co-workers. 11 Both N-acyliminium ions (13a, 13b) generated from 
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the keto amide precursors (14a, 14b) gave the expected cyclisation products (15a, 
15b). Conversely, attempted ring closure of the irninium salt (16) led to unidentifiable 
products. 
(13) 
a R1 = 0, R2 = H2 
b R1 = H2, R2=0 
(14) 
a R1 = 0, R2 = H2 
b R1 = H2, R2 = 0 
(16) 
(15) 
a R1 = 0, R2 = H2 
b R1 = H2, R2 = 0 
One should note that these olefin cyclisations are in fact reversible processes, the 
reverse reaction being a Grob fragmentation. The product of an irninium-olefin 
cyclisation being an amine is much more susceptible to fragmentation than the amide 
derived from an N-acyliminium-olefin cyclisation. Consequently, the greater 
usefulness of N-acyliminium ion cyclisations in organic synthesis may be primarily 
attributed to their irreversibility. 7 
1.1.4 N-Acyliminium Ion Formation and Synthesis of their Precursors 
For application in elaborate organic syntheses, N-acyliminium ions are almost always 
generated in situ, in view of their limited stability and high reactivity. There are five 
principal mechanisms for the formation of N-acyliminium ions as illustrated in 
Scheme2. 
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Scheme2 
Route a) N-Acylation of !mines (Schiff Bases) 
Condensation of aldehydes or ketones with primary amines produces imines in high 
yield. In 1914, James and Judd12 first reported the acylation of imines with reactive 
· carboxylic acid derivatives such as acid chlorides or anhydrides. Benzalaniline (17) 
and benzoyl chloride (18) were reacted to give the precursor (19), which was readily 
hydrolysed in water to give benzaldehyde (21) and benzanilide (22) (Scheme 3). The 
!ability of the carbon-chlorine bond illustrates the propensity to N-acyliminium ion 
(20) formation in this system? 
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Cl Ph H <:9lhe 0 w1-N' FN Cl ~_..Ph+ 
Ph)l_CI Ph N Ph }-Ph Ph }-Ph 
0 0 
(17) (18) (19) (20) 
1 
Ph 0 HO Ph H~N PhCHO + HN--{ 
Ph }-Ph Ph 0 
(21) (22) 
Scheme3 
Route b) N-Protonation of N-acylimines 
Due to the relative instability of N-acylimines (tautomerize rapidly into the 
corresponding enamide), this method for the preparation of N-acyliminium ions is 
more of mechanistic than synthetic interest. Wurthwein and co-workers10 investigated 
the protonation of imine (23) and produced convincing evidence for the N-
acyliminium ion structure of the product (24) (Scheme 4). 
HSbCI6 
Ph o e A <:9 )l SbCI6 
Ph ~ Me 
(24) 
Scheme4 
Route c) Electrophilic Addition to Enamides 
Acylation of an imine (25) with an acid chloride, followed by elimination generates 
the enamide (26). N-Acyliminium ion formation is possible via protonation of the 
enamide (Scheme 5). 
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0 
~j Rjl_X H X I ~l( -t+Nr-R -HX 
- 0 
(25) (26) 
l H$ 
~~$ R :7y 
0 
SchemeS 
Route d) Oxidation of Amides 
The removal of hydride from the a-carbon of an amide formally leads to an N-
acyliminium ion. Several research groups have developed an electrochemical method 
to facilitate this transformation.13"15 The mechanism (Scheme 6) involves initial 
removal of an electron from the lone pair on nitrogen of (27) generating the species 
(28). Subsequent loss of a proton and another electron from (28) forms the 
corresponding N-acyliminium ion (29). These electrochemical oxidations are 
conducted in the presence of a nucleophile, normally methanol, in order that the N-
acyliminium ion is trapped as soon as it is formed to give the a-methoxyalkyl amide 
(30). This reaction is effective for a wide variety of amides and carbamates and there 
are few other reports of N-acyliminium ion generation via hydride abstraction from 
amides. 
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0 H R3 e 0 H R3 <il e 
R2 
R)l_NXR4 -e Jl··X -H - e R1 ~@ R3 R1 N R4 __... __... yy I I 
R2 R2 0 R4 
(27) (28) (29) 
CH30H 1 
R2 
O ~ OMe y ';(R3 
R1 R4 
(30) 
Scheme 6 
Route e) Heterolysis of Amides Bearing a Leaving Group on the a-Carbon (with 
respect to nitrogen) 
The heterolysis of a-substituted amides is the most common method employed for the 
generation of synthetically useful N-acyliminium ions. In the vast majority of cases 
the leaving group is an oxygen substituent, but may also be a halogen, nitrogen, 
sulphur or phosphorous substituent. Generally, Briinsted or Lewis acids are used to 
generate the N-acyliminium ion (32) from the a-oxyalkyl amide precursor (31) if R is 
alkyl or hydrogen (Scheme 7).7 lfR is acetyl or methanesulfonyl, no acidic catalyst is 
required. 
(31) 
Scheme 7 
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R1 R3 
oA~AR4eOR 
I 
R2 
(32) 
8 
1.1.5 N-Acyliminium Ion Formation- Synthesis of Bicyclic and Tricyclic 
Lactams 
(OH 
g+ 
(NH2 
CA= Chiral auxiliary 
jl, ,_,..._ .OH 
R' 'M"n I( 
0 
(33) (34) 
Scheme 8 
---H:-o-1~~ 
Bicyclic lactams have been employed in various ways in the asymmetric synthesis of 
tertiary and quaternary carbon centres. Two general methods have been developed for 
the construction of the bicyclic lactam system and involve condensation of an 
optically pure amino alcohol and a dicarbonyl compound. 
0 0 EtO 
NH2 Qo "<--9":~"<--9 HO~+ R 
0 OH 0 OH 0 
(35) (36) (37) 
1l He 
0 e 
c;"f OEt ~eN~ H 0 OH 0 
(39) (38) 
Scheme 9 
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In the first route a cyclodehydration process was utilised between an optically pure 
amino alcohol (33) and a y-ketoacid (34) (Scheme 8).16 The second route developed to 
access these bicyclic lactams is related to the extensive work of Speckamp9• 17 
involvingN-acyliminium species (Scheme 9). 
Condensation of an optically pure amino alcohol (35) with a cyclic anhydride 
afforded the imide (36), which, on addition of hydride, afforded the ethoxy lactam 
(37). This intermediate was subjected to acidic conditions resulting in ring closure via 
the N-acyliminium ion species (38), furnishing the lactam (39). 
Meyers has extensively studied the chemistry of such chiral lactams utilising and 
extending the scope of this methodology.18' 19 This group accessed these templates by 
condensation of ~-amino alcohol derivatives with y-carboxylic acids.20 Applications 
of the Meyers bicyclic lactam substrates in synthesis are discussed in Section 1.3. 
0 
(41a) 
6, Toluene 
.--OH 
. .:;:;:. 
0 
~NJPh 
0 
(40) 
0 
~ !'-OH l/J8 
(41b) 
Scheme 10 
Tricyclic lactams as N-acyliminium ion precursors have been reported by Allin21 '24 et 
al. for the synthesis of substituted isoindolinone derivatives. Diastereomerically pure 
N-acyliminum ion precursor (40) required for initial studies on isoindolinone targets 
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(41a, 41b) was prepared directly from the corresponding enantiomerically pure amino 
alcohol substrate, S-phenylalaninol, as outlined in Scheme 10. 
1.1.6 Detection of N-Acyliminium Ion Intermediates by NMR Spectroscopy 
It has been mentioned already, that N-acyliminium ions, in view of their limited 
stability and high reactivity, are almost always generated in situ. Consequently, the 
observation of a transient N-acyliminium ion intermediate in dynamic NMR is 
extremely rare (reported only twice).9 Yamamoto and co-workers25 conducted a 
specially designed experiment in which the alkoxycarbamate (42), in the presence of 
Tf20 at -55 oc, produced a clean 13C NMR spectrum of the intermediate (43) upon 
treatment with a Lewis acid (Scheme 11 ). 
{42) (43) 
Scheme 11 
In a more recent study, it was found that treatment of bis(homoallyl) hydroxylactam 
(44) with BF3.0Et2 at 25 oc produced the 13C NMR spectrum of the N-acyliminium 
ion (45).26 This intermediate was slowly (1 h) converted to the fluoro compound (46). 
Although not entirely clear, the reason for this unexpected stability is thought to be 
related to the greater withdrawing ability of the amide carbonyl compared to the 
carbamate, as demonstrated by spectral data. 
F .~ 
.. 
H 
(44) {45) (46) 
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1.2 Carbon-carbon Bond Formation Using N-Acyliminium 
Intermediates 
1.2.1 Intramolecular Amidoalkylations with Aromatic n-Nucleophiles 
The reactions of N·acyliminium ions with tethered n·bonds are among the most 
important methods for preparing complex nitrogen containing heterocycles. Since the 
introduction of the N-acyliminium method as a versatile tool the y-lactam derivatives 
have prominently figured in the field of intramolecular applications. 
TMS 
X y HCOOH 
0 
(47a) X, Y = COOEt (48) 
(47b} X= COOMe, Y = S02Ph 
Scheme 12 
Many examples include the presence of chiral elements mostly in the starting 
alkoxylactam. Speckamp27 et al. examined cyclisation reactions between the tethered 
n-nucleophile in (47a-b) and the iminium ion generated by acid induced loss of the 
isopropoxy group resulting in (48) (Scheme 12). 
Although isolated examples were known, the major breakthrough in the synthetic 
application of the intramolecular amidoalklation occurred in the early 1950s, when the 
reaction was applied in alkaloid syntheses. 7 The pioneering work carried out by 
Belleau28 and Mondon29 on the synthesis of Erythrina alkaloids by ring closure of N-
acyliminium ions (49a) (R1 = 0, R2 = Hz) and (49b) (R1 = H2, R2 = 0), respectively, 
as well as the synthesis of yohimbine by van Tamelen30 et al. via a route in which the 
essential step is the acid-catalysed ring closure of the N-acyliminium ion (50) can be 
considered as initiating studies in this field. Particularly in the latter case, the reaction 
proceeded remarkably easily indicating the high reactivity of an electron-rich 
aromatic ring as a nucleophile in such cyclisations. 
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Q);R1 0 
WR2 H 
HH 
(49) (50) 
The genus Erythrina is widely distributed in tropical and subtropical regions of the 
world and has been occasionally used in indigenous folk medicine. 31 In flowers, seeds 
and bark of the genus Erythrina, there have been found erytbrinan alkaloids, some of 
which have curare-like and hypnotic actions. A variety of pharmacological effects, 
including sedative, hypotensive, neuromuscular blocking and CNS depressant 
properties are also associated with the erytbrinane skeleton.32 The vast majority of 
naturally occurring Erythrina alkaloids possess the tetracyclic framework and 
substitution pattern of (51). 
0 
z 
M eO 
X 
M eO 
(51) (-)-3-Demethoxyeryth ratidinone 
Allin and James33 report a novel, stereoselective approach to a fused tricyclic ring 
system found within the core of the erytbrinane ring system, the key step involving an 
asymmetric, intramolecular N-acyliminium mediated cyclisation. Treatment of the 
bicyclic lactam (52) with the Lewis acid TiC14 at -10 °C produced the target 
pyrroloisoquinoline ring system (53) as a single diastereoisomer, with inversion of 
stereochemistry at the newly created chiral centre (Scheme 13). Presumably, 
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cyclisation to yield the product (53) proceeds via the N-acyliminium ion intermediate 
(54). 
(52) 
DCM 
-10 °C, 20 h 
(53) 
Scheme 13 
(54) 
Benzenes or substituted benzenes are one of the most commonly used 1t-nucleophiles 
in reactions of this type. Numerous polycyclic structures, including natural product 
systems can be accessed by the use of this particular reactive functional group, for 
example, neuvamine (56). 
0 . 
a (~n 
ITYZa o~-NH2 
MeO~ 
OMe Br 
0 
M eO 
(56) 
«
0 . 
N -
MeO ~0 
OMe OH ~) 
0 ! TFA 
~@ MeO~N~O 
OMe · ~0) 
(55) 
Scheme 14 
A racemic total synthesis of neuvamine has been reported by Alonso34 (Scheme 14). 
The intramolecular cyc!isation of an electron rich aromatic 1t-nucleophile onto the 
generated N-acyliminium ion (55) is the key step in the synthetic route. 
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The versatility of the N-acyliminium cyclisation in the total synthesis of various 
indole alkaloids is reflected in the work of many research groups. In the vast majority 
of cases the essential step is the coupling of an oxo carboxylic acid (57) with 
tryptamine (58) and acid catalysed ring closure of the so-formed oxo amide (59) into 
the desired skeleton (61) via the N-acyliminium ion (60) (Scheme 15). 
0 
(58) ~~ 
0 
(57) (59) 
j 
f3 
R 
(61) 
Scheme 15 
An interesting example is the synthesis of indole alkaloids by van Tamelen35 et al. 
starting from indole-3-acetic acid (62) and an amine to form the amide precursor (63) 
which is cyclised by acid-catalysed formation of the N-acyliminium intermediate (64) 
and subsequent ring closure to (65). Unlike the general reaction Scheme 15, where 
bond formation is observed at C(2) of the indole ring, in this case the product of the 
cyclisation of (64) is the spiro structure (65) via bond formation at C(3) of the indole 
nucleus to form the more stable r-lactam (Scheme 16). This result is most likely 
accounted for by assuming initial attack at C(2) followed by a rearrangement. This 
distinct difference in behaviour between the ions (60) and (64) is extremely useful for 
exerting regiocontrol in these indole-based cyclisations. 
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' N 0 
H 
(62) NH ~ '2H~ + 
H NH2 
"""' 
N I 0~ H 0 
(63) 
0 
l H:OOH 
$ 
"""' 
10 
(64) 
Scheme 16 
The synthesis of pyrrolidine and piperidine ring fused derivatives· (67) has been 
accomplished through the N-acyliminium ion cyclisation of hydroxy and 
alkoxylactams ( 66) (Scheme 1 7) .36 
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{66) ! 
(67) 
Scheme 17 
Vernon37 and eo-workers have investigated spiro cyclisations of fused oxazolidines 
such as (68) in which the bridgehead substituent -CH2CH2Ph provides the 7t-
nucleophile for intramolecular reactions with the N-acyliminiurn ion intermediate (69) 
(Scheme 18). 
0 Ph 0 
N-> 0 Ph hN;Ph N~ 0 AICI3 OH 
HO 
......, 
~ # 
{68) {69) 
Scheme 18 
Decroix38 investigated intramolecular addition reactions of thiophene to an N-
acyliminiurn ion (71) formed from an isoindolinone derived hydroxylactam (70). 
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Diisoindolothienodiazepines such as (72) could be readily accessed by this method 
(Scheme 19). 
~ay ~Ny ~0 cGN ~ N 
_o 
O~OH 00 N ~h ~· h 
(70) (71) (72) 
Scheme 19 
The furan moiety has also been employed in reactions of this type, providing routes to 
a variety of systems such as (±)-epilupinine (73) and (±)-perhydrohistrionicotoxin 
(74). 
ctS" 0 
(73) (74) 
In an extensive investigation of the intramolecular nucleophilic addition of terminal 
furan substituents onto N-acyliminium ions by Tanis/9 routes toward alkaloid 
synthesis were devised. A variety of linearly-fused (75), spirocyclic (76) and bridged 
aza-cycles (77) could be synthesised by simply altering the placement of the furan 
tether on the N-acyliminium ion precursor as shown in Scheme 20. 
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{76) 
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. (77) 
Scheme20 
Park40 et al. have investigated imidazoles as internal nucleophiles for the synthesis of 
(±)-glochidine (78) and (±)-glochidicine (79), and more recently, sulphur atoms as 
nucleophiles have been reported in the literature.41 
0 
(78) (79) 
Decroix41 et al. showed that hydroxy lactarn (80) could generate the N-acyliminium 
ion (81) in an acidic medium. The ring closure into (82) takes place through an 
intramolecular a-heteroarnidoalkylation cyclisation (Scheme 21 ). 
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(80) (81) (82) 
Scheme21 
1.2.2 Intermolecular Carbon-carbon Bond Formation 
There has been much recent interest in the synthetic utility and stereocontrol of the 
intermolecular N-acyliminium variant. A large number of new studies have been 
published,9 both with respect to the type of precursors and activated nucleophiles, as 
well as the experimental conditions. 
Allyl trimethylsilane in combination with titanium tetrachloride (TiC4) has been used 
frequently. For example, Weinreb42 et al. commented on the efficiency of using 
titanium tetrachloride in the alkylation of a-alkoxyarnides such as (83) with allyl 
trimethylsilane (Scheme 22). 
(lOMe 
c(~ 
(83) 
~TMS 
TiCI4 
DCM 
Scheme22 
Koizumi43 et al. examined the alkylation of the ethoxy compound (84) with allyl 
trimethyl silane in the presence of various Lewis acids and found titanium 
tetrachloride to be the most effective. 
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E!O 
{84) 
Meyers44 and Allin21 have prepared bicyclic and tricyclic lactarns (85) and (86) 
respectively as single diastereoisomers and subjected them to arninal ring opening 
reactions using titanium tetrachloride and allyl trimethylsilane as the nucleophile. The 
latter group have also studied the effect on the stereochemical outcome of allyl 
trimethyf1•22 and triethylsilane23 intermolecular nucleophilic additions when varying 
the Lewis acid activator. It was shown that much higher levels of diastereoselectivity 
could be achieved using the triethylsilane protocol than with the Lewis acid/allyl 
trimethylsilane system, however, titanium tetrachloride was still found to be the most 
effective activator. 
~N:fH 
H 0 
(86) 
Examples of intermolecular additions of trimethylsilylcyanide (87) and 
trimethylphosphite (88)45 to N-acyliminium ions in the presence of titanium 
tetrachloride have been discussed in recent literature and are shown in Scheme 23. 
LewisAcid 
TMSCN 
Lewis Acid 
P(OMeh 
Scheme23 
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Highly diastereoselective additions of organocopper reagents to N-acyliminium ions 
have also been examined. Wistrand and Skrinjar46 report addition of alkylcopper 
reagents to the optically active N-acyliminium ion (89) in the presence of boron 
trifluoride etherate (BhOEtz) affording pyrrolidines (90a-c) (Scheme 24). 
(89) 
Scheme24 
1.3 Applications of the Meyers Bicyclic Lactams 
1.3.1 Introduction 
(90a) : R = n-Pr 
(90b) : R = n·Bu 
(90c) : R = n-Hept 
Bicyclic lactams are an extremely versatile tool in the preparation of a plethora of 
optically active products, and provide access to a variety of natural and unnatural 
compounds such as pyrrolidines (91) and (92)4748 and pyrrolidinones (93)4849 shown 
in Scheme 25.20 
Other examples of ring systems present in a number of naturally occurring 
carbocycles that can be synthesised from these chiral non racemic templates include 
piperidines (94) and (95), 50 tetrahydroisoquinolines (96), 51 pyrroloisoquinolines 
(97), 52 cyclohexenones (98/3 and hexahydroindenones (99). 16 
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0 
n = 0,1 
Scheme25 
1.3.2 Synthesis of Substituted Pyrrolidines and Pyrrolidinones 
MeHNOC 
(100) 
Highly functionalised pyrrolidines are compounds of considerable importance. They 
occur in a variety of natural products and pharmaceutically active compounds, either 
as isolated ring systems or embedded in more complex structures, which often possess 
wide ranging biological activity. For example, physotigrnine54 (100) is a 
representative of this class of compounds. 
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Meyers48 developed a facile asymmetric synthesis of substituted pyrrolidines (102) 
and pyrrolidinones (103) from keto acid (101) and phenylglycinol (Scheme 26). 
LiAIH4 
R, 
HC02NH4 HO~o R,,··o r Pd!C HN R H2N Ph (102} 
CO ~R 0 
HoJ'''''Ph 'N~ Toluene Ph~ 
0 Reflux 
0 HO L R, R,,,,Q '• 
HOIQ 
(101} HN 
TiCI4 Li, NH3 
EtSiH Ph 0 EtOH 0 (103} 
Scheme 26 
1.3.3 Synthesis of Piperidine 
~0 R Red-AI D ~ N~ _r.::~_F __ R ~Ph A~O DMAP Rf) Pd(OH)"" D 
--l R N . ( ~Ph H 
OH OAc (104}: R =Me (105}: R = CH2CH2CHa 
Scheme27 
The route to asymmetric pyrrolidines was extended to the piperidine series50 (Scheme 
27). This methodology was utilised in the synthesis of the natural products (-)-
pipecoline (104) and (+)-coniine (105). 
1.3.4 Synthesis of Tetrahydroisoquinolines 
Routes to naturally occurring tetrahydroisoquinolines such as salsolidine (109) have 
been developed from chiral bicyclic lactams of type (106i1 (Scheme 28). Treatment 
of (106) with sodium bis(methoxyethoxy)aluminium hydride (Red-A!~ gave the ring-
opened lactam (107) which upon additional reduction with lithium aluminium hydride 
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gave theN-benzyl substituted isoquinoline (108). Reductive removal of theN-benzyl 
group afforded the natural product (1 09). 
Ow·OMe 
N I__,;::; 
Ph'"··c .. ,, OMe 
0 Me 
Red-AI 
(106) 
CCCOMe HN ~ OMe 
Me 
CCC. OMe Ph,,. eN 
'· , OMe 
Me 
OH 
(109) (108) 
Scheme 28 
1.3.5 Synthesis of Substituted Pyrroloisoquinolines 
Padwa55 et al. have recently described the preparation ofpyrroloisoquinoline (112) by 
treatment of amido-substituted thioacetal (110) with dimethyl(methylthio)sulfonium 
tetrafluoroborate (DMTSF) giving five-membered. thio-substituted lactams (111) 
(Scheme 29). Further reaction with DMTSF generates an N-acyliminium ion which 
undergoes cyclisation with the tethered aromatic ring to produce the 
pyrroloisoquinoline (112). 
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1.4 Functionalisation of Bicyclic Lactam Substrates 
Their application to total synthesis has demonstrated that lactams can provide access 
to a wide variety of structural features. The versatility of the bicyclic lactam as a tool 
in the asymmetric synthesis of a variety of alkaloid ring systems is highlighted in the 
following section. 
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1.4.1 Unsaturated Bicyclic Lactams 
The preparation of a,~-unsaturated · carbonyl compounds is an important 
transformation, allowing further functionalisation of substrates. The most common 
preparation of such compounds involves the elimination of appropriate selenoxides as 
developed by Reich, 56 who reported the conversion of ketones and esters to their a,f3-
unsaturated derivatives. 
~ 1. LOA ?t 2. PhSeBr Ph Se 0 
(113) l Nal04 
~ ?t Ph Se 0 11 
+ 0 
PhSeOH 
Scheme 30 
Reaction of an appropriate lithium enolate with phenyl selenenyl bromide generates 
an a-phenylselenocarbonyl compound (113) which, under oxidative conditions, 
undergoes elimination to produce the a,~-unsaturated product and phenyl selenic acid 
by-product (Scheme 30). 
Scheme 31 
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Meyers57 proposed an alternative route utilising methyl phenylsulfinate (114) for the 
elimination (Scheme 31 ). A variety of substituted a,~-unsaturated bicyclic lactams 
were prepared in this way, precluding the use of toxic selenium. 
Wagner58 et al. utilised a ring-closing metathesis approach towards unsaturated fused 
bicyclic lactams, producing a range of different ring sizes (Table 1 ). 
Diene Bicycle Yield"(%) 
Q={ 94 
0 C02Me 
C02Me 
w 81 
O C02Me 
C02Me 
ct<~"' 35 ~N 0 C02Me 
'Conditions: Cl2(Pcy3)Ru=CHPh (10-15 mol%), DCM, reflux, 16h . 
Table 1 
1.4.2 Cyclopropanations 
The first report on conjugate additions to bicyclic lactams included cyclopropanations 
via the addition of sulfoxonium ylides59a-b (Scheme 32). 
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Scheme32 
1.4.3 Amine Conjugate Addition 
>),,, ... ~0}< '''··~N 
Me 0 
The addition of amines to a,~-unsaturated bicyclic lactams has been applied in the 
synthesis of several 3-aminopyrrolidines as shown in Scheme 33. This has been 
utilised in the construction of benzamide derivatives such as (115), neuroleptic drugs 
useful in schizophrenia treatment.20 
Scheme33 
OMe 
H 
MeHN 
0 NJ:> 
Me ' 
Cl Bn 
(115) 
1.4.4 Aziridination by Conjugate Addition 
An extension of the amine conjugate addition reactions involved construction of the 
aziridine moiety with high efficiency. Indeed, through modification of the a,~­
unsaturated bicyclic lactam to include a leaving group at the a-carbon, i.e. iodide, an 
intramolecular pathway was available for formation of the aziridine (Scheme 34).60 
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1.4.5 Organocuprate Conjugate Addition 
The conjugate addition of cyanocuprates to a,p-unsaturated bicyclic lactams has been 
studied extensively in the literature.61 "62 Meyers utilised such reactions in the synthesis 
of trans-2,3-disubstituted pyrrolidines (116) (Scheme 35).61 
R2 :a Me 
(116) 
Scheme35 
More recently, Amat63 described the enantioselective preparation of diversely 
substituted piperidine alkaloids by similar methodology to that in Scheme 35, and 
demonstrated the usefulness of this chemistry in the total synthesis of Femoxetine 
(117); an antidepressant 
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1.4.6 Diels-Alder Reactions 
Moloney64"65 et al. have been interested in developing methodology to provide a 
convenient synthesis of functionalised pyrrolidinones. This group, and others66a-c have 
performed Diels-Alder cycloaddition reactions between a,~-unsaturated bicyclic 
lactams and numerous dienes and 1 ,3-dipoles. Some examples of which are shown in 
Table 2. 
Lactam Diene· Product 
Et02C~O 
0 Ny 
p~ 
0 
Et02C~0 OTMS 
0 Ny MeO__;-\ . 
p~ 
Table 2 
1.5 Application of N-Acyliminium Ions in Alkaloid Synthesis 
1.5.1 Stereoselective Synthesis ofthe Isoindolinone Ring System 
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The synthetic potential of N-acyliminium species is well documented. The wide range 
of synthetic applications of such compounds demonstrates the versatility of such 
intermediates.20 Some recent applications involve the synthesis of ring-fused 
heterocyclic systems utilising N-acyliminium ion cyclisations as the key ring-forming 
step. 67•-f A number of research groups reported the synthesis of chiral ring-fused 
isoindolinone targets via N-acyliminium ion cyclisations. However, the question of 
stereocontrol during the cyclisation reaction was not addressed. 67a-r 
The isoindolinone ring system is of interest due to the actual and potential biological 
activities of many derivatives.68a-d Furthermore, several naturally occurring chiral 
alkaloids contain a ring-fused isoindolinone moiety, including nuevamine (56i4•69 and 
lennoxamine (118).69' 70 Nuevamine (56) was isolated from the Berberis darwinii, 
found in Southern Chile, and was the first isoindoloisoquinoline to be isolated from 
natural sources.71 
0 OMe 
M eO 
M eO 
(56) (118) 
Allin and N orthfield24 developed a facile new procedure for the synthesis of chiral 
ring-fused isoindolinone products in only two synthetic steps with extremely high 
levels of diastereoselectivity, from readily available substrates. It was recognised that 
substrates such as (40), the preparation of which is detailed in Scheme 10, could serve 
as valuable intermediates in the synthesis of non-racemic isoindolinones through 
Lewis acid mediated formation of an N-acyliminium intermediate, followed by 
intramolecular nucleophilic addition of a proximate, electron-rich aromatic 
substi tuent. 
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Indeed, on treatment with various Lewis acid activators (1.5 equivalents, -10 °C, 
dichloromethane), substrate (40) cyclised to give the desired tetracyclic isoindolinone 
target as a mixture of two possible diastereoisomers (41a) and (4lb), the results of 
which are summarised in Table 3. Presumably, cyclisation to yield (4la!b) proceeds 
through an N-acyliminium intermediate such as (119) (Scheme 36). 
0 
cd Lewis Acid NJPh CH2CI2, 
·., -1 ooc 
"' 0 
(40) (41a) 
(119) 
Scheme36 
Entry Activator Yield (41) (%) 
a SnC4 98 
b TiCI4 93 
c BF3.0Etz 99 
d HzS04 80 
e TMSOTf 97 
(41b) 
(41a) : (4lb)" 
2 :1 
2 :1 
3 :1 
6 :1 
~49:1 
• " Determmed from crude 270 MHz H NMR spectroscopy 
Table 3 
In all cases the cyclisation reaction proceeded cleanly and in excellent yield, 
providing a novel and highly stereoselective route to the ring-fused chiral 
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isoindolinone ring system, the skeleton of which is common to many naturally 
occurring and biologically active compounds. 
1.5.2 Stereoselective Synthesis of Isoquinoline Derivatives 
Derivatives of the isoquinoline ring system comprise the major structural motif in a 
wide range of natural products and biologically active compounds and therefore new 
synthetic routes to these targets are of general interest.72 Following on from 
investigations into the isoindolinone ring system, Allin and Vaidya 73 utilised chiral 
bicyclic lactam substrates as precursors in -a stereoselective approach towards the 
tetrahydroisoquinoline ring system, which forms a sub-unit (BCD rings) of the 
protoberberine alkaloids exemplified by xylopinine (120) and its derivatives. 71 •74 
M eO 
M eO 
X 
OMe 
X = H2, (120}, Xylopinine 
X = 0, Known precursor 
OMe 
The berberine class of alkaloids are widely distributed in nature, occurring in at least 
eight botanical families. The berberine alkaloids possess diverse biological actions 
including antipsychotic, sedative, hypotensive, anti-bacterial, anti-protazoal and DNA 
intercalating activity. 75 
The approach used by Allin allows the introduction of asymmetry during the key ring-
forming step; the stereoselective cyclisation of a bicyclic lactam substrate (121) via an 
N-acyliminium intermediate (123) (Scheme 3 7). 
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The desired tricyclic tetrahydroisoquinoline ring system (122), representing the BCD 
sub-unit of the protoberberine alkaloids, was isolated as a single diastereoisomer in 
68% yield. Whilst bicyclic lactams derived from ~-amino alcohols containing fused 
5,5-20•76 and 5,6-63•77•-b ring systems have been widely used in asymmetric synthesis, 
the application of the corresponding fused 5,6-system (121) as a precursor in im N-
acyliminium mediated cyclisation reaction leading to tetrahydroisoquinoline targets 
represents a novel application of this chiral template. 
1.5.3 Stereoselective Synthesis ofthe Tetracyclic Erythrinane Core 
In an extension of their investigations into the pyrroloisoquinoline ring system33 (refer 
to Section 1.2.1 ), Allin and J ames 78 devised a novel approach to construct the 
tetracyclic core of the erythrinane ring system in a highly diastereoselective manner. 
There has been much interest in the synthesis of Erythrina alkaloids and their 
derivatives (Figure 1) (including pyrroloisoquinolines) over recent years,32•67d with 
many approaches involving N-acyliminium cyclisation as a key ring-forming step, 
several of which have attempted to address the issue of stereocontrol in the 
cyclisation. 
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(-)-3-Demethoxyerythratidinone 
Figure 1 
0 
Me0'"" 
Erysotramidine 
The lactam (124), synthesised in one step from readily available precursors, was 
treated under standard conditions of Lewis acid at -78 oc, generating the target 
tetracyclic product (125) as a single diastereoisomer in 98% yield. The N-acyliminium 
ion (126) can be envisaged as an intermediate in the cyclisation reaction (Scheme 38). 
MeO OMe ~ 
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M eO 
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(126) 
Scheme38 
(125) 
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This methodology provides a facile and highly stereoselective synthesis of the 
tetracyclic erythrinane skeleton, assembled in only two steps from readily available 
reagents (condensation to the bicyclic lactam and Lewis acid promoted cyclisation). 
1.5.4 Stereoselective Synthesis of Indole Alkaloids 
We recognised that a further extension of the methodology described for the 
construction of the isoindolinone, isoquinoline and erythrinane ring systems might be 
its application to the synthesis of indole alkaloids. Figure 2 highlights some 
interesting indole natural products that have emerged as viable targets during the 
development of the novel methodology described in this thesis. 
Deplancheine (127) 
OH 
Geissochizine (128) 
OH 
Dihydrocorynantheol (129) 
:::::,., 
Me02C 
Dihydrogambirtannine (130) Ajmalicine (R
1 
= H, R2 =Me) (131) 
Epi-ajmalicine (R1 =Me, R2 =H) (132) 
Figure 2 
We wish to explore the potential of the intramolecular N-acyliminium ion cyclisation 
reaction for the asynunetric synthesis of these important heterocyclic systems. The 
indole alkaloids represented in Figure 2 share the common structural feature of a 
substituted piperidine unit containing a chiral centre with an indole substituent. Using 
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model (133), shown below, Scheme 39 outlines our retrosynthesis of this class of 
compound. This methodology may provide a route to the tetracyclic core (133) found 
as the structural motif in all of the alkaloids shown in Figure 2. 
(133) substitution 
(138) 
Scheme39 
H 
(134) 
OH 
0 
The fused tetracyclic core (133) is available from (134) via removal of the 
hydroxymethyl "auxiliary'' and lactam reduction. Precursor (134) is formed through 
intramolecular cyclisation of the indole nucleus onto the N-acyliminium ion 
intermediate (135), which is generated by Lewis acid mediated activation of the 
bicyclic lactam (136). The chiral bicyclic lactam (136) is synthesised by condensation 
of the amino alcohol derivative of S-tryptophan (137) with the ester (138). Both 
enantiomers of the ring system would be available simply by using the antipodes of 
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tryptophan as the original substrate. Others have shown that indoles can be used as an 
internal nucleophile in N-acylirniniurn cyclisation reactions with the same 
regioselectivity as planned in our syntheses. 67a,67b·79•81 
Heaney and Shuhaibar67b carried out some preliminary investigations into the 
formation of imines such as (141) derived from the condensation of methyl 2-
formylbenzoate (139) with primary amines, for example veratrylamine (140). The 
imines were afforded in high yield and undergo base catalysed rearrangement to 
methoxyisoindolones, such as (142), quantitatively in dry methanol containing a 
catalytic amount of sodium methoxide (Scheme 40). 
(139) (141) 
j 1. MeOH 2. NaOMe 
OMe 
ctcQO~ 
OMe 
(142) 
Scheme40 
Heaney and eo-workers concluded that if the ~-aryl residue on the amine was 
sufficiently nucleophilic, compounds such as (142) could act as N-acyliminium 
precursors. Indeed, treatment of these precursors with a Lewis acid such as titanium 
tetrachloride effected cyclisation to derivatives ofisoindoloisoquino!ine such as (143). 
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Scheme41 
As a consequence of their primary findings, Heaney and Simcox 79 postulated that 
acetals derived from esters of 2-acylbenzoic acids should undergo cascade sequences 
with suitable primary amines in the presence of mild Lewis acids. In a typical 
experiment, a solution of tryptamine (58) and acetal (144) were heated in toluene for 
16 h in the presence of 10 mol% of scandium triflate and 4A molecular sieves. The 
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desired P-carboline derivative (145) was isolated in 91% yield. The reaction was 
thought to proceed via the sequence shown in Scheme 41. 
Utilising the same cascade sequence P-carboline derivatives analogous to (145) were 
synthesised. For example, addition of acetal (122) to the ethyl ester of tryptophan 
(146) produced the cyclised product (148) as a single diastereoisomer. Presumably the 
reaction proceeds via the N-acyliminium ion (147). 
(147) (148) 
Grigg and co-workers80 report a facile route to novel and complex heterocycles via 
sequential Pictet-Spengler/palladium catalysed carbonylation sequences. In the 
presence of catalytic p-toluene sulphonic acid in refluxing toluene the imine (149) 
undergoes Pictet-Spengler cyclisation to yield (150). The cyclisation product was 
converted to the P-carboline derivative (151) through a palladium catalysed 
carbonylation (Scheme 42). The catalyst system for the carbonylation reaction 
comprised 10 mol% Pd(OAc)z, 20 mol% PPh3 and Et3N (1.2 mol equiv.). 
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NH 
(150) 
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(151) 
Wawzonek and Maynard81 utilised the indole nucleus as a 7t-nucleophile in their 
synthesis of tetrahydro-[12H]-pyrroloazapinoindoles. They reacted an indole 
derivative (152) with an unsaturated lactone (153) to produce the amide (154). The 
amide, under the influence of magnesium metal in methanol, cyclised to give the 
hydroxylactam (155). Subsequent acid activation, using methanolic hydrochloric acid, 
generated the N-acyliminium ion intermediate (156) which cyclised to form the 
tetracyclic product (157) (Scheme 43). 
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1.6 Biosynthesis of Indole Alkaloids 
1.6.1 Introduction 
The alkaloids are structurally the most diverse class of secondary metabolites. Over 
5000 compounds are known with varying degrees of complexity. Whilst they are most 
commonly encountered in the plant kingdom, examples have been isolated from most 
other orders of organisms ranging from fungi to marmnals. Interest in this family of 
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compounds stems mostly from the broad range of pharmacological activities 
associated with them. Indeed, since early times selected plant products, many 
containing alkaloids, have been used as poisons for hunting and murder, euphoriants, 
psychede!ics, stimulants as well as medicines. It is not surprising, therefore, that many 
of our modern drugs contain the same compounds or synthetic analogues, and the 
pharmacological and toxicological properties of these ·compounds are thus of 
immense interest and importance. 82 
1.6.2 Simple Jl-Carboline Alkaloids 
Alkaloids based on a ~-carboline system (161) exemplify the formation of a new six-
membered heterocyclic ring using the ethylamine side-chain of tryptamine (58); 
derived from £-tryptophan via decarboxylation. Reaction of tryptamine with an 
aldehyde (158) (or keto acid) generates a Schiff base (159) which undergoes 
nucleophilic attack via the indole C(2) position in a Mannich!Pictet-Spengler type 
reaction. Subsequent loss of the C(2) proton restores aromaticity generating the ~­
carboline (161) as shown in Scheme 44. It should be noted that the analogous 
chemical reaction actually involves nucleophilic attack from C(3), followed by a 
rearrangement to give bonding at C(2); there is no evidence yet for this type of 
process in biosynthetic pathways. 
+ 
(161) 
Introduction 
0 Schiff base formation )l using aldehyde 
H R 
(158) (159) 
Mannich-likel 
reaction 
NH 
R 
Tautomerism to 
restore aromaticity 
Scheme 44 
(160) 
(j) 
H ~) 
R 
44 
1.6.3 Terpenoid Indole Alkaloids 
The terpenoid indole alkaloids constitute one of the major groups of alkaloids in 
plants, with in excess of three thousand different compounds. Found largely within 
eight plant families, it is the Apocynaceae, the Loganiaceae and the Rubiaceae which 
provide the best sources. Rationalising the biochemical origins of these often 
complicated structures is possible due to the wide interest shown in these interesting 
natural products. 
In most structures, a tryptamine portion is clearly recognisable, and the remaining 
fragment is usually a C9 or Cw residue, with three main structural types discernable. 
These are termed the Corynanthe type, as in ajmalicine (131), the Aspidosperma type, 
as in tabersonine (162), and the Iboga type, exemplified by catharanthine (163). The 
C9 or C10 fragment has been shown to be of terpenoid origin, and the secoiridoid 
secologanin (164) was identified as the terpenoid derivative which initially combines 
with the tryptamine portion of the molecule. 
The three types of terpenoids described above can be rationalised by rearrangements 
occurring in the terpenoid part of the structure (Scheme 45). Indeed, secologanin 
contains the ten carbon framework found in the Corynanthe type which can be 
rearranged as shown to produce the other varieties. This rearrangement involves 
detachment of a three carbon unit which is re-attached to the remaining C7 fragment 
producing the required carbon skeleton. In some instances C9 terpenoid units are 
observed; where loss of the carboxylate function of secologanin has occurred through 
hydrolysis/decarboxylation processes. 
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Chapter 2 
Results and Discussion 
2.1 Stereoselective Synthesis ofthe lndolizino[8,7-b]indole Ring 
System 
2.1.1 Introduction 
The bicyclic lactams of Meyers have proven to be exceptional chiral templates for the 
construction of a wide variety of optically enriched carbocycles and heterocycles. A 
vast number of papers have appeared addressing their application in the preparation of 
such systems, and notable advances continue to be made. 
Over the past decade or so, Meyers has demonstrated the synthetic utility of chiral, 
non-racemic, bicyclic lactams. Following the general methodology adopted by 
Meyers for the synthesis of such compounds, the Allin group has developed new and 
stereoselective routes for the synthesis of a wide range of non-racemic heterocyclic 
targets including the isoindolinone/ isoq~inoline,2 and pyrroloisoquinoline3 ring 
systems. 
Based on the investigations leading to the construction of the aforementioned ring 
systems (detailed in Section 1.5), we recognised that a suitably substituted bicyclic 
lactam could act as a precursor for a stereoselective approach to the indole alkaloids, 
some examples of which are represented in Section 1.5.4; and which share the 
common indolizino[2,3-a]quinolizidine structural motif(l). 
I 
Our initial investigations focus on the development of the cyclisation methodology in 
model substrate systems, namely the indolizino[8, 7 -b ]indole ring system (2}. 
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I 
These model systems provide the understanding from which more interesting targets 
containing the tetracyclic core (1) can be synthesised. 
2.1.2 Potential Applications of the lndolizino[8,7-b]indole Ring System 
Indolizino[8,7-b]indoles of general structure (2) are themselves of biological 
importance and have attracted interest from the pharmaceutical industry. Indeed, such 
compounds have been used as intermediates in the preparation of diuretic 
compounds.4 Furthermore, they are known to exhibit analgesic and anti-inflarmnatory 
activity in their own right. 5 Other, more functionalised templates such as (3), have 
been shown to act as P-tum mimics and display high binding affinity and selectivity 
for CCK1 receptors. 6 
Ph 
0 
s,_/o2H 
NH 
'<::::: 
~ 
NHZ 
(3) 
Cholecystokinin (CCK) is a peptide hormone and neurotransmitter involved in 
modulating gastrointestinal and behavioural activities by interacting with specific 
receptors. Changes in the levels of CCK found in tissues and sera of patients with 
various disease states, including schizophrenia and eating disorders, as well as the 
effects of CCK derivatives in neuroprotection, models of Parkinson's disease, cancer, 
anxiety and pain indicate the potential utility of CCK receptor ligands as therapeutic 
agents. 
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Gonzalez-Muniz6 et al. demonstrated the ability of templates such as (3) to behave as 
CCKt receptor antagonists and propose that the presence of a P-turn-like 
conformation within the peptide backbone of dipeptoids could contribute to their 
bioactive conformation at the CCK1 receptor sub type. An important feature of peptide 
and protein secondary structure is when the amino acid chain reverses direction. Due 
to their frequent appearance on the external surface of the molecule, the reverse turns 
are postulated as loci for receptor binding, antibody recognition and posttranslational 
modifications. However, most of the biologically active peptides are highly flexible 
molecules and the number of their possible conformations complicates attempts to 
relate structural parameters and activities. For all these reasons, in recent years, major 
efforts have been devoted to the development of templates or scaffolds that mimic or 
stabilise these secondary structural features, especially P-turns. Several non-peptide 
systems, including heterocyclic, aromatic and lactam derivatives, have been designed 
to mimic the different types of P-turns. Although the incorporation of some of these 
scaffolds into bioactive peptides has led to peptidomimetics with enhanced activity or 
metabolic stability, most of them lack an appendage for the corner residue side chains 
and can only be obtained by a lengthy synthesis. 
As a result of the factors discussed above, structures based on (3) were designed as 
potential P-turn dipeptide mimics. The potential of templates such as (3) is based on 
the fact that certain bicyclic lactams structurally related to (3) are known to mimic the 
central dipeptide core of P-turns and the presence of the indole ring could represent an 
additional advantage in the case of P-turns having aromatic or hydrophobic amino 
acids in the residue. 
Consequently, the usefulness of the indolizino[8,7-b]indole ring system is 
demonstrated by the wide range of biological applications of such systems. As is 
common in medicinal chemistry, the absolute stereochemistry of many of these chiral 
heterocycles can have a profound effect on their biological activity and toxicity. 
Therefore, new synthetic methods that provide good levels of stereocontrol are 
particularly interesting. 
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2.1.3 Approaches to the lndolizino[8,7-b)indole Ring System 
Indolizino[8,7-b]indole derivatives (general formula (2)) have been used as synthetic 
intermediates for the preparation of more complex alkaloids. Molecules of general 
structure (2) are usually prepared by reacting a tryptamine or tryptophan derivative 
with species carrying an aldehyde (or ketone) and a second functional group (usually 
an ester) separated by three carbon atoms. 7•8 Pictet-Spengler condensation with the 
aldehyde first gives rise to an intermediate tetrahydro-P-carboline derivative. The 
resulting secondary amine then reacts intramolecularly with the second functional 
group effecting ring closure. Alternatively, tryptamine or tryptophan can be converted 
to their succinimide derivatives and cyclisation to a P-carboline compound 
accomplished under Bischler-Napieralski conditions.9 
Lete10 et al. described the preparation of fused P-carboline systems analogous to 
templates (1) and (2) through an alkyllithium addition-N-acyliminium ion cyclisation 
sequence on readily available imides (Scheme 1). 
ova 
oSNH2 (S) ~'w~ RU ~,N_x;R AcOH I ' QJ THF I ' tf-/ ~ Reflux 4 N o -78 •c, 6 h 4 N 0 · . 
H H 
(4) (6) (7) 
~ 
TFA ~£'~lN-f"\ ~ 
DCM, RT u N')> . ~ \..../""" R 
H 
(8) 
Scheme 1 
The imide intermediates (6) were prepared by reacting tryptamine (4) with a cyclic 
anhydride (5) under classical conditions. The imides undergo nucleophilic addition 
with an organolithium reagent affording an oxo amide (8) or the cyclic tautomeic 
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hydroxylactam (7). Subsequent treatment with TFA effects cyclisation to the fused ~­
carboline system (9) via an N-acyliminium ion intermediate. 
As mentioned already, based on our investigations into various heterocyclic ring 
systems, 1'3 we recognised that a suitably substituted bicyclic lactam could act as a 
precursor for a stereoselective approach to the indolizino[8,7-b]indole ring system. 
Our approach to the synthesis of the required bicyclic lactam substrate (13) followed 
the general method previously used in our group.1-3 The starting material is the 
commercially available (2S)-2-amino-3-(1H-indol-3-yl)propan-1-ol (11). However, 
reduction of the more readily available L-tryptophan (10) using lithium borohydride 
and chlorotrimethylsilane in anhydrous tetrahydrofuran via a method developed by 
Giannis and Sandhoff,ll gave the enantiomerically pure ·~-amino alcohol' (11) in 
70% yield. The ~-amino alcohol was heated under Dean-Stark conditions with the 
appropriate keto-acid (levulinic acid) (12) for 48 hours (Scheme 2). Undei- these 
reaction conditions we were able to isolate the expected bicyclic lactam (13) in only 
3% yield. The major product of the reaction, isolated in 55% yield, was found to be 
the target indolizino[8,7-b]indole derivative (14). 12 
C02H LiBH4 OH 
(Me)aSiCI 
NH2 THF 
RT,24h """' 
Toluene, 6., 48 h 
+ .. 
0 
-~: 
(14} (13) 
Scheme2 
Results and Discussion 55 
Examination of the crude reaction mixture by 250 MHz 1H NMR spectroscopy 
revealed the formation of (14) as a single diastereoisomer. The relative 
stereochemistry of product (14) was determined by single crystal X-ray analysis 
(Figure 1) and was found to be as expected based on our experience of cyclisation 
reactions involving similar N-acyliminium precursors. Effectively, retention of 
configuration at the methyl-bearing chiral centre is observed if one considers bicyclic 
lactam (13) to be an intermediate. 3 
Figure 1. Crystal structure of (14) 
Interestingly, compound (14) was observed to form two crystallographically unique 
hydrogen bonds; one intramolecular 0(2)-H(2A)"'0(1) {0(1)"'0(2) = 2.597(2) A, 
0(2)-H(2A)"'0(1) = 154°} and one intermolecular N(2)-H(2)"'0(2A) {N(2)"'0(2A) 
= 2.788(3) A, N(2)-H(2)'"0(2A) = 168°} forming chains along the crystallographic c-
direction. 
One could, of course, envisage an alternative mechanism to explain the formation of 
(14) that avoids the intermediacy of bicyclic lactam (13); a stereoselective Pictet-
Spengler reaction in which condensation of the P-amino alcohol and keto-acid 
substrate results in formation of a tetrahydro-P-carboline derivative which then 
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undergoes lactam formation to yield (14) in the final step.13 To date, no intermediates 
have been observed by us that would support this hypothesis with our substrates. 
An alternative approach to the indolizino[8,7 -b ]indole ring system was also 
investigated through formation and subsequent borohydride reduction of the imide 
intermediate (16), accessed in 54% yield from the required ~-amino alcohol (11) and 
succinic anhydride (15). In this approach, summarised in Scheme 3, the intermediate 
ethoxy lactam derivative (17) was not isolated since, under the reaction conditions, 
direct cyclisation via an N-acyliminium intermediate was observed to yield the target 
heterocycle (18) in 45% yield and as a 9:1 mixture of diastereoisomers. The major 
diastereoisomer was isolated by crystallisation and the relative stereochemistry of this 
product was determined to be as shown in Scheme 3 by ID NOE studies; the absence 
of an NOE between the protons situated at positions 5 and 11 b is consistent with the 
proposed structure. As we were unable to isolate the minor diastereoisomer we could 
not carry out a comparative NOE study. Again, the relative stereochemistry observed 
on cyclisation of the attacking aromatic nucleus was as expected based on previous 
results from our group.3 
0 
OH Go {15) 
0 
0 GN ~ NH Et3N Toluene 
Reflux, 18 h 
0 HO 
(11) (16) ! Na8H4, E!OH 
2MHCI 
o •c, 20 h yo 
~ EIO 
HO 
(18) (17) 
Scheme3 
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2.1.4 Rationalisation ofthe Stereochemical Outcome of the Cyclisation 
Reactions 
In order to rationalise the stereochemical outcome of the cyclisation reactions leading 
to products (18) and (14), we have invoked the conformational models14 highlighted 
in Figures 2 and 3 respectively, whereby activation of the bicyclic lactam leads to a 
formal N-acyliminium species as an intermediate. 
0 
0 Q· H H OH N~,,/OH -
-
(18) 
MAJOR 
H R R 
H 
R =Indole (A) 
0 
I OH 
H 
-
(18) 
MINOR 
R 
H 
(B) 
Figure 2 
In reactive conformation (A), leading to the favoured diastereoisomer of (18), as 
represented in Scheme 3, the carbonyl moiety is "eclipsed" in a 1,3-fashion by the 
small hydrogen atom at the ~-amino alcohol chiral centre. The angular H-atom at the 
. iminium carbon provides no significant steric bulk to interfere with the steric 
positioning of the indole or hydroxymethyl groups. In this model the hydroxymethyl 
group is viewed as the larger substituent. 
The alternative reactive conformation (B), which would lead to the minor 
diastereoisomer of (18), has the indole group positioned as the larger substituent. In 
this scenario an unfavourable 1 ,3-interaction appears to exist between the carbonyl 
group and the more bulkyhydroxymethyl group. 
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With respect to product (14), the steric influence exercised by the angular methyl 
substituent at the iminium carbon overrides the conformational effect noted in Figure 
2 and this leads to the exclusive formation of a diastereoisomer of opposite relative 
stereochemistry. Indeed, one can envisage interactions between this angular methyl 
group and the indole substituent as shown in conformation (C) (Figure 3). 
R =Indole 
H 
0 
11 
0 
OH 
I OH 
H 
Me 
(D) 
Figure 3 
R 
(14) 
-UNOBSERVED 
-
(14) 
OBSERVED 
Bond rotation about the extra-annular C-N bond leads to an alternative reactive 
conformation (D) with minimised steric interference from the iminium carbon 
substituent, which furnishes the observed product diastereoisomer (14) with retention 
of stereochemistry. 
The slight reduction in the level of diastereoselectivity'observed in the cyclisation 
reaction to produce (18) (9:1) in comparison to (14) (exclusive), may be explained by 
the greater importance attached to the influence of the angular substituent at the 
iminium carbon in the conformational models described above. 
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2.2 Manipulation of the lndolizino[8,7-b]indole Ring System 
2.2.1 Introduction 
Having established the potential of the N-acyliminium cyclisation methodology in the 
construction ofindolizino[8,7-b]indole derivatives, a procedure to remove the pendent 
. hydroxymethyl auxiliary was sought. This would demonstrate the potential synthetic 
utility of this new methodology in target synthesis. Furthermore, we decided to 
investigate conditions for reduction of the lactam functionality. This section outlines 
the methodology adopted by us to perform these transformations. 
2.2.2 Decarbonylation studies 
The decarbonylation of aldehydes is a useful and important reaction in organic 
synthesis, providing the reaction proceeds smoothly under mild conditions. The most 
efficient compounds so far discovered to facilitate this reaction are complexes of 
rhodium. Tsuji and Ohno15 studied the decarbonylation of aldehydes and acyl halides 
using the complex chlorotris(triphenylphosphine)rhodium (19), more commonly 
known as Wilkinson's catalyst. 
PPh3 I 
CI-Rh-PPh3 
I 
PPh3 
{19) 
PPh3 
I 
Cl-Rh-CO 
I 
PPh3 
{20) 
The decarbonylation reactions were typically carried out using stoichiometric 
rhodium, refluxing in benzene, toluene or p-xylene. The same workers utilised the 
complex chlorocarbonylbis(triphenylphosphine)rhodium (20) and discovered that if 
the decarbonylation was performed at temperatures in excess of 200 °C, catalytic 
amounts of the rhodium complex (20) could be used. 16 This is of course extremely 
advantageous considering the high cost of the rhodium complexes involved. These 
rhodium complexes have the additional advantage of being stable and easy to handle. 
Results and Discussion 60 
A further modification of the procedure utilised by Tsuji and Ohno was investigated 
by Kruse17 on the decarbonylation of indole-2-carboxaldehydes (21), whereby 
chlorobis[1,2-bis(diphenylphosphino)propane]rhodium was prepared in situ from (20) 
and 1,3-bis(diphenylphosphino)propane (dppp) (Scheme 4), This system was used in 
catalytic quantities without the usual requirement for high temperatures, the 
decarbonylation reactions proceeding at 140 °C. 
RhCI(CO)(PPh3)2 
Ph2P(CH2bPPh2 
p-xylene, 1!., 24 h 
Scheme4 
The usefulness of the decarbonylation procedure described in Scheme 4 was 
demonstrated by Moody/8 who used this reaction as the final step in the total 
synthesis of the alkaloid lennoxarnine (22). 
(22) 
We decided tc;> investigate the potential of the conditions used by Moody18 for the 
removal of the hydroxymethyl auxiliary group from our indolizino[8, 7 -b ]indole 
substrate (14). The first requirement was oxidation of (14) to the corresponding 
aldehyde (23), the substrate for our decarbonylation reaction. Numerous oxidation 
methods were attempted for the synthesis of (23) including Dess-Martin 
periodinane,19 Swem oxidation,20 PDC21 and TPAP/NM0.22 None of these methods 
proved successful, probably due to the presence of an indole moiety with an 
unsubstituted NH group, known to be unstable in the presence of oxidising reagents.23 
Therefore, we turned our attention to an alternative, milder oxidising reagent known 
as IBX. This reagent has been reported24 to selectively oxidise primary alcohols in the 
Results and Discussion 61 
presence of indole, without the need for protection of the indole NH. Oxidation of 
(14) with IBX gave an excellent 90% yield of aldehyde (23) using the conditions 
detailed in scheme 5. 
0 IBX,DMSO 
AT, 24h 
Scheme 5 
With (23) in hand, we next attempted the decarbonylation applying the same 
conditions as Moody, 18 which had previously been used in our group in the 
decarbonylation ofpyrroloisoquinoline substrates.3 However, after refluxing (23) with 
10 mol% of the rhodium complex (20) in the presence of the dppp ligand for 5 days in 
p-xylene (Scheme 6), no formation of product (24) was observed and the aldehyde 
starting material remained. 
RhCI(CO)(PPh3)2 
Ph2P(CH2bPPh2 ~ 
p-xylene, A, 5 days 
(24) 
No product observed 
Scheme 6 
The reaction was repeated under these same conditions on numerous occasions using 
different batches of the rhodium catalyst, ensuring all equipment and solvents were 
thoroughly dry before use, but each attempt was met without success. As a result of 
our initial failed attempts at the catalytic decarbonylation, we decided to examine the 
use of stoichiometric equivalents of (20), which should allow us to determine the 
feasibility of the rhodium decarbonylation reaction on our indole substrates (Scheme 
7). 
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0 RhCI(CO)(PPh3h 
p-xylene, t., 5 days 
(23) 
I 
Scheme7 
+ (24) 
(25) 
H2, 10% Pd-C 
EtOH 
RT, 48h 
(24) 
We were pleased to observe complete disappearance of the aldehyde signals from the 
crude 1 H NMR after 5 days refluxing in p·xylene in the presence of (20). After 
purification we obtained a 38% yield of the desired product (24) in addition to 12% of 
the enamide (25). The enamide was subjected to catalytic hydrogenation to produce 
the desired target lactam (24) in a yield of 85%. It is worth noting that the purification 
of enamide (25) and target lactam (24) was not straightforward due to a eo-eluting 
phosphorous. by-product, which is thought to be triphenylphosphine oxide. Thus we 
decided to investigate removal of the lactam functionality from (24) to reveal the 
tertiary amine derivative (28), which would hopefully allow removal of any remaining 
phosphorous impurities through acid/base extraction. 
2.2.3 Lactam reduction 
Lee25 et al. have used LiAIH4 in the presence of AlCb to cleanly reduce lactarns. 
Igarashi and co·workers26 have reported a transition metal catalysed transformation of 
amides to amines using monohydrosilanes as the reducing agent. 
Lenz27 used two methods to reduce racemic 8-oxoberbines; reduction with lithium 
aluminium hydride in tetrahydrofuran and sodium bis(methoxyethoxy)aluminium 
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hydride (Red-A!~ in benzene. In general, he obtained inferior yields and less clean 
products with lithium aluminium hydride than with the alternative hydride reagent. 
Comins28 et al. have also used Red-A!® for their reduction of chiral 8-oxoberbine (26) 
as shown in Scheme 8. 
OMe 
OMe 
(26) 
Red-AI® 
Benzene 
~. 16 h 
Scheme 8 
OMe 
OMe 
To test the suitability of Red-A!® on our substrates compound (14) was reacted under 
the conditions outlined in Scheme 9 to produce the clean reduction product (27) in 
68% yield. 
(14) 
Red-AI® 
Toluene/DCM 
RT,20h 
Scheme 9 
The same protocol was used to reduce the decarbonylated product (24) to generate the 
tertiary amine (28) in 67% yield (Scheme 10). We were able to remove any unwanted 
phosphorous impurities by acid/base extraction during the work-up procedure. 
(24) 
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2.3 Stereo selective Synthesis of the lndolizino[2,3-a]quinolizidine 
Ring System 
2.3.1 Introduction 
I 
As noted in Section 2.1.1, access to the indolizino[2,3-a]quinolizidine template (1) 
through application of our cyclisation methodology would be highly attractive as it 
would allow access to a wide range of desirable indole targets. Indeed, this 
heterocyclic template is found within a plethora of highly bioactive indole alkaloids, 
including geissoschizine (29),29 vellosimine (30)30 and ajmalicine (31i 1• 
OH 
(29) (30) (31) 
Vellosimine (30), was first isolated from the tree Geissospermum vellosii in 1958 by 
Rapoport et a/.32 Extracts of this bark, known as pao pereira, have been used in 
Brazilian folk medicine and have been reported to have curare-like activity. 33 
Ajmalicine (31) is isolated from the roots of the commercially grown Catharanthus 
roseus and is a member of the general family of the heteroyohimbine alkaloids. This 
alkaloid is a potent peripheral and central vasodilator which has been demonstrated 
clinically to prevent platelet aggregation. Ajmalicine has been prescribed widely for 
the treatment of cardiovascular diseases. 31 
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2.3.2 Approaches to the lndolizlno[2,3-a]quinolizidine Template 
Numerous strategies for the construction of the target heterocyclic system (1} have 
been investigated, reflecting the interest in alkaloids bearing this structural motif. 
Together with the important physiological properties they possess, the structural 
diversity and complexity of the various indole alkaloid subgroups provides a 
significant challenge in natural product synthesis. 
Martin34 et al. utilised the vinylogous Mannich reaction in the synthesis of 
Geissochizine (29). The vinyl ketene acetal (33) was reacted with the 
dihydrocarboline iminium species (32) to produce (34) (Scheme 11 ). Nucleophilic 
attack of (33) onto (34) proceeded from the face opposite to the carboxyl group at 
C(5), establishing the correct absolute stereochemistry at C(3) for the natural product. 
OTBDMS 
C02H ~OMe ,P02H "' " .• ,. 5 
N.HCI (33) NH 
'<::::: 
' 
~ 3 
..-,;::; 
.-9 N 
' 
H C02Me 
(32) (34) 
Scheme 11 
An alternative approach was applied by Martin35 in the synthesis of the corynantheine 
alkaloid dihydrocorynantheol (35), which was first isolated from the bark of 
Aspidosperma marcgravianum Woodson in 1962.36 
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The key step in the assembly of the indoloquinolizidine skeleton was a Bischler-
N apieralski cyclisation of the intermediate (36) followed by stereoselective hydride 
reduction to furnish (37) (Scheme 12). Regioselective hydroboration of the pendant 
vinyl group of (37) delivered dihydrocorynantheol (35). 
{36) 
POC13, Toluene 
then 
NaBH4, MeOH 
Scheme 12 
(37) 
Montgomer-17 et al. described an entry to the isogeissoschizoid (±)-deformyl-
isogeissoschizine ( 40) through the application of a late stage Fischer indole synthesis 
between ketone (38) and phenyl hydrazine (39) as shown in Scheme 13. 
Q N/NH2 
H 
0 {39) 
HCI, MeOH 
Me02C 
{38) {39) 
Scheme 13 
Cool2° demonstrated the utility of the asymmetric Pictet-Spengler reaction in the 
synthesis of the sarpagine alkaloid vellosimine (30). The Nb-benzyl derivative of D-
tryptophan methyl ester (40) was reacted with the acetal (41) producing the key 
intermediate (42) with the necessary chirality at C(3) and C(S) (Scheme 14). 
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N~ 
H Ph 
(41) 
TFA, DCM 
RT, 7 days 
Scheme 14 
(42) 
Based on our novel approach to the indolizino[8,7-b]indole ring system (2)/ 2 we 
recognised that a suitably substituted bicyclic lactam could act as a precursor in a 
stereoselective approach to the indolizino[2,3-a]quinolizidine template (1). 
I 
Our approach to the synthesis of the required bicyclic lactam substrate (46) followed 
the general method previously used in our group.1•3 The ~-amino alcohol derivative of 
L-tryptophan (11) was heated under Dean-Stark conditions in toluene with an 
appropriate keto-acid (45) derivative for 48 hours (Scheme 15). Substrate (45) was 
synthesised by acid-catalysed ring opening of ll-valerolactone (43) giving (44) in 98% 
yield followed by oxidation with PCC38 to produce (45) in 68% yield. Under these 
reaction conditions we were able to isolate the expected bicyclic lactam in 69% yield 
as a 5:1 mixture of separable diastereoisomers, (46a) and (46b); 
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6 H2S04 MeOH Reflux, 6 h 
(43) 
(11) 
0 0 
PCC, celite 
ce DCM, RT,2h C:e 
OH 
(44) 
(46a) 
Scheme 15 
NH 
0 
(45) 
I ~o 
+ N 
H 0 
(46b) 
NH 
The relative stereochemistry of the major diastereoisomer (46a) was determined by 
single crystal X-ray analysis (Figure 4). This indole-containing bicyclic lactam is a 
novel example of the fused 5,6-ring system favoured by Amat and Bosch,39 and the 
relative stereochemistry observed for the major diastereoisomer (46a) is consistent 
with results obtained by both these researchers and previous work in our group on 
isoquinoline substrates? 
Indeed, under the neutral reaction conditions utilised in Scheme 15, the cis lactam 
(46a) is formed as the major product, which is thought to be the kinetic product 
(formed fastest), whilst the trans lactam (46b), formed as the minor product under 
these conditions is thought to be the thermodynamic product. Indeed, Amat and Bosch 
found that the cis lactam formed·from R-phenylglycinol and (45) under similar neutral 
conditions as those employed in Scheme 15, could be converted to the more stable 
trans lactam by equilibration under acidic (TFA) conditions of the initially formed 
reaction mixture. 
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Figure 4. Crystal structure of (46a) 
Based on the investigations carried out on the synthesis of the isoquinoline ring 
system,2 the bicyclic lactam diastereoisomers (46alb) were not separated, but were 
treated with TiC4 to promote the stereoselective cyc!isation reaction (Scheme 16) . 
. c) 
H 0 
(46a/b) 
NH 
TiCI4,.DCM 
-78 'C toRT 
20h 
Scheme 16 
We were pleased to isolate the cyc!ised product (47) in 54% yield and 1H NMR 
analysis of the crude reaction mixture revealed formation of the product as a 5:2 
mixture of separable diastereoisomers. A comparative ID NOE study was undertaken 
on the isolated diastereoisomers to confirm that the relative stereochemistry of the 
major diastereoisomer is as shown in Scheme 16. Indeed, in the case of the minor 
diastereoisomer a positive NOE interaction was observed between the protons at 
positions 6 and 12b. In the case of the major diastereoisomer, (47), no NOE was 
observed. This assignment of the relative stereochemistry was confirmed by a single 
crystal X-ray analysis of the major diastereoisomer (47) (Figure 5). 
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Figure 5. Crystal structure of (47) 
Due to the poor level of product diastereoselectivity (5:2) obtained from the TiCI4 
mediated synthesis of (47), we decided to investigate the effect of the activator on the 
cyclisation reaction in an attempt to improve the stereoselectivity. In Section 2.1.3 we 
detailed the synthesis of the indo!izino[8,7-b]indole derivative (18), whereby under 
the acidic reaction conditions, direct cyc!isation of the imide (16) via an N-
acyliminium intermediate was observed to yield the target heterocycle (18) as a 9: I 
mixture of diastereoisomers. Therefore, we subjected the mixture of bicyclic lactam 
substrate diastereoisomers, (46a/b), to the same conditions to observe the effect on the 
stereoselectivity of the cyclisation reaction (Scheme 17). 
d 
H 0 
(46alb) 
NH 
2M HCI, EtOH 
RT, 20h 
Scheme 17 
We were extremely pleased to find that by simply treating the mixture of bicyclic 
lactams (46alb) with 2M HCI in ethanol at room temperature for 20 hours gives an 
excellent yield of 97% for the cyclisation reaction and leads to the formation of the 
desired indo!izino[2,3-a]quinolizidine product (47) as a single diastereoisomer. The 
relative stereochemistry of the single isomer formed was found to be as favoured in 
Results and Discussion 71 
the TiCl4 mediated cyclisation reaction that had previously given only a 5:2 ratio of 
product diastereoisomers. 
An alternative approach to access the tetracyclic product ( 47) was also investigated 
based on our synthesis of the indolizino[S, 7-b ]indole derivative (18), through the 
formation and subsequent reductive cyclisation of an imide intermediate. This would 
constitute a more direct approach to the desired tetracyclic core, but unfortunately we 
were unable to synthesise the imide precursor from amino alcohol (11) and glutaric 
anhydride. 
2.3.3 Rationalisation of the Stereochemical Outcome of the Cyclisation 
Reactions 
We have invoked the same conformational models as described in Section 2.1.4 in 
order to rationalise the stereochemistry of the cyclisation reactions producing (47). In 
the first scenario, Figure 6, the bicyclic lactam substrate ( 46alb) was activated by the 
Lewis acid TiCl4leading to a formal N-acyliminium species as an intermediate. 
Results and Discussion 
H 
(F) 
Figure 6 
A 
72 
In reactive conformation (E), leading to the favoured diastereoisomer of ( 47), as 
represented in Scheme 16, the carbonyl moiety is "eclipsed" in a 1,3-fashion by the 
small hydrogen atom at the P-amino alcohol chiral centre. The angular H-atom at the 
· iminium carbon provides no significant steric bulk to interfere with the steric 
positioning of the indole or Lewis acid-complexed oxymethyl groups. In this model, 
the Lewis acid-complexed oxymethyl group is viewed as the larger substituent. 
The alternative reactive conformation (F), which would lead to the minor 
diastereoisomer of (47), has the indole group positioned as the larger substituent. In 
this scenario an unfavourable 1,3-interaction appears to exist between the carbonyl 
group and the more bulky Lewis acid-complexed oxymethyl group. 
In the second scenario, the bicyclic lactam substrate (46a!b) was activated by 
treatment with 2M HCl to produce (47) as a single diastereoisomer. One might expect 
that the Lewis acid-complexed oxymethyl group (from TiC14 activation), being 
bulkier than a hydroxymethyl group as in the case of activation with HCl, would 
perhaps increase the level of diastereoselectivity, with conformation (F) becoming 
even less favourable. However, one cannot rule out the possibility of chelation control 
with a Lewis-acid such as TiCl4 whereby conformation (F) could be stabilised 
somewhat by chelation between the Lewis acid-complexed oxymethyl group and the 
carbonyl moiety. This may explain the occurrence ofthe minor diastereoisomer of 
(47) under TiCl4 activating conditions. 
2.3.4 Epimerisation of the Indolizino[2,3-a]quinolizidine Template 
Access to both enantiomers of the indolizino[2,3-a]quinolizidine template (1) is 
highly desirable, and is possible with our methodology by simply starting with the 
opposite antipodes of tryptophan as the original substrate. Indeed, the amino alcohol 
derivative of D-tryptophan (48) was condensed with ·ester (45) under standard Dean-
Stark conditions to produce the expected bicyclic lactam (49) in 68% yield as a 5:1 
mixture of separable diastereoisomers. The relative stereochemistry of the major 
diastereoisomer, shown in Scheme 18, was determined by ID NOE and was as 
expected based on the synthesis of (46a/b). The 5:1 mixture of bicyclic lactam 
diastereoisomers (49) were treated as before with 2M HCl in ethanol to produce the 
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desired indolizino[2,3-a ]quinolizidine product (50) as a single diastereoisomer in 97% 
yield. The relative stereochemistry of the single diastereoisomer (50) was determined 
by a single crystal X -ray analysis (Figure 7) and was found to be as expected from our 
investigations in the synthesis of (47). 
(45) 
Dean-Stark 
Toluene, 48 h 
Scheme 18 
Figure 7. Crystal structure of (50) 
(49) 
j2M HCI, EtOH RT,20h 
;.>-OH 
l 0 
Whilst the synthesis of templates (47) and (50), starting from the antipodes of 
tryptophan, provides access to both enantiomers of the indolizino[2,3-a ]quinolizidine 
template (1 ), the use of the more costly D-tryptophan is perhaps less attractive. 
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Indeed, unnatural D-tryptophan is approximately four times more expensive than the 
corresponding naturally occurring L-tryptophan. 
However, we recognised the potential for the epimerisation of our indolizino[2,3-
a ]quinolizidine templates, since there are numerous literature reports on epimerisation 
reactions in closely related systems. Indeed, in some early investigations on the 
structure of the pharmacologically important alkaloid reserpine (51), it was found to 
be chemically labile under acid catalysis and was found to equilibrate to a mixture 
with its epimer isoreserpine (52) (Scheme 19).40 
M eO 
OMe 
(51) 
OTMB 
El) 
H 
-
M eO 
Scheme 19 
OTMB 
OMe 
(52) 
The heteroyohimbine Akuarnmigine (53) was epimerised with hot acetic acid by 
Sakai41 and eo-workers to give tetrahydroalstonine (54) (Scheme 20). 
Ac0H,6 
(53) (54) 
Scheme20 
Furthermore, by replacing acetic acid with its stronger derivative, trifluoroacetic acid, 
the acid-catalysed epimerisation of indolizino[2,3-a ]quinolizidines has been made 
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faster and consequently more useful for compounds which do not contain methoxy 
groups on the indole ring. 
Indeed, in their investigations toward the synthesis of the pharmacologically valuable 
indole alkaloid vincamine, Rapoport42 et al: utilised the acid-catalysed epimerisation 
to prepare a key intermediate (56) for the stereoselective construction of this 
compound. They showed that by refluxing (55) in trifluoroacetic acid for 18 hours, 
key intermediate (56) could be isolated in 71% yield (Scheme 21). 
TFA 
Reflux, 18 h 
(55) (56) 
Scheme21 
Based on these observations, we decided to attempt the epimerisation of our key 
building block (47), which was synthesised starting from readily available L-
tryptophan (1 0), utilising the conditions described in Scheme 21 by Rapoport. If 
successful, this may provide a route to both enantiomers of the parent indolizino[2,3-
a ]quinolizidine template (1 ), found as the core ring system of many indole alkaloids 
currently of interest in our group. 
Therefore, the tetracyclic product (47) was heated at reflux in toluene for 24 hours in 
the presence oftrifluoroacetic acid (Scheme 22). 
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Examination of the crude 250 MHz 1H NMR revealed the complete conversion of cis 
(47) into trans (57), which was isolated in a 90% yield. The relative stereochemistry 
of the epimerisation product (57) was determined by a positive ID NOE interaction 
between the protons at positions 6 and 12b. This assignment of the relative 
stereochemistry was confirmed by a single crystal X-ray analysis of product (57) 
(Figure 8). 
Figure 8. Crystal structure of (57) 
The conversion of (47) to (57) as demonstrated in Scheme 22 suggests that (47) is the 
kinetic product formed fastest under the cyclisation conditions employed in Scheme 
17, which can be converted to the more stable thermodynamic product (57) when 
subjected to equilibrating reaction conditions. The reason for the increased stability of 
(57) compared to (47) may be explained by examination of the X-ray crystal 
structures whereby in the thermodynamic product (57) (Figure 8), the hydroxymethyl 
auxiliary group adopts an orientation which alleviates some of the ring strain caused 
by the planar lactam moiety. 
As stated previously, the success of this reaction should enable us to synthesise both 
enantiomers of the core ring system (1) starting from the same cheap, readily 
available chiral building block. 
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2.4 Functionalisation ofthe lndolizino[2,3-a]quinolizidine Ring 
System 
2.4.1 Introduction 
Having developed a stereoselective route to the indolizino[2,3-a]quinolizidine core, 
which forms the tetracyclic skeleton of numerous interesting indole alkaloids, we 
decided to examine the potential for functionalisation of our cyclisation products. It is 
our intention that these investigations may have applicability in future work en route 
to some of those indole alkaloids identified by us as potential targets for total 
synthesis. Figure 9 highlights some possible avenues for further functionalisation of 
cyclisation products. 
I ~== Enolate alkylation 
n 'Introduction of ~ a,~-unsaturation . 
Potential conjugate addition 
Figure 9 
The presence of a carbonyl group on ring D in the key precursor (47) provides a 
handle for further derivatisation through exploitation of the carbonyl group reactivity, 
e.g. enolate derivatisation, potential conjugate addition on to ring D. The presence of 
asymmetry in the molecule, set up by the acyliminiurn cyclisation reaction, could be 
expected to provide some stereo control in these functionalisation reactions. We .· 
decided to investigate the potential for functionalisation of our substrates through 
conjugate addition. However, a,~-unsaturated lactams are known to be poor Michael 
acceptors43 and only a few examples of conjugate addition reactions to unsaturated 
piperidinones are available. 35•44 Furthermore, the presence of an additional electron 
withdrawing group on the nitrogen atom and/or in conjugation with the double bond 
appears to be necessary. Nevertheless, we decided to explore this possibility and so 
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we initially required a suitable method for the introduction of a,p-unsaturation into 
our substrates. 
2.4.2 Introduction of a,p-unsaturation 
The issue of the preparation of a,p-unsaturated carbonyl compounds has received 
much attention due to the variety of synthetic transformations they undergo. The 
dehydrogenation of carbonyl compounds is the most straightforward method and there 
are numerous methods for performing this conversion; the most important of which is 
the a-bromination-dehydrobromination method.45 However, in the direct bromination 
ofketones orientational control is difficult to achieve. Nevertheless, Stotter and Hi1145" 
demonstrated that bromination of cyclohexanone enolates can be carried out in high 
yield and that dehydrobromination can be performed without loss of regiospecificity. 
However, under the conditions of the debrorninations, isomerisation of a-bromo 
ketones has been frequently reported,45b most notably for bromides of P-dicarbonyl 
compounds. 450 In addition, this method is incompatible with sensitive enones because 
of the vigorous reaction conditions, employing temperatures frequently in excess of 
120 °C. 
The discovery by Jones, Mundy and Whitehouse46 that selenoxides undergo clean syn 
elimination to form olefins at or below room temperature offered a solution to the 
problem discussed above. Reich47 et al. explored the scope and limitation of the 
transformation of ketones to enones by selenenylation followed by selenoxide 
elimination. 
We decided, therefore, to examine the utility of the selenoxide elimination protocol as 
described by Reich 47 for the introduction of the required a,P-unsaturation into our 
substrates (Scheme 23), which may allow further functionalisation via conjugate 
addition of suitable species. 
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DMF, RT, 1 h 
MeOH, H20 
RT, 18 h 
Scheme23 
j LOA PhSeBr THF -78 ·c toRT 
24h 
Se Ph 
(59) 
The indolizino[2,3-a]quinolizidine derivative (47) was initially his-protected by 
treatment with sodium hydride (2 equivalents) followed by benzyl bromide (2.2 
equivalents) to give (58) in 90% yield. Protection of the indole nitrogen and the 
primary alcohol group proved necessary to avoid unwanted side-reactions at either 
position during the selenenylation step to make (59). The enolate of (58), generated 
from lithium diisopropylamide (LDA), was reacted with phenyl selenenyl bromide at 
-78 °C to produce the selenide (59). The selenide was not purified and on treatment 
with sodium periodate undergoes selenoxide elimination to give the desired a,~­
unsaturated compound (60) in 85% yield from (58) (Scheme 23). Interestingly, we 
found that the indole nitrogen of (47) can be mono-protected producing (61) in 83% 
yield by use of one equivalent of sodium hydride foilowed by benzyl bromide 
(Scheme 24). 
NaH,BnBr 
DMF, RT, 1 h 
(61) 
Scheme24 
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2.4.3 Conjugate Addition Reactions 
With the a,~-unsaturated compound (60) in hand, we turned our attention to the 
proposed functionalisation of our substrates through possible conjugate addition 
reactions of various nucleophiles. We investigated the ability of three nucleophilic 
species to undergo conjugate addition with (60) (Scheme 25). The conditions and 
results for each of the attempted reactions are summarised in Table 1. 
Nucleophile I See Table 1 
..& ....,;::; 
Nu 
(60) (62a·c) 
Scheme 25 
Product Nucleophile Conditions Yield d.r. 
s .............. s 
I ,3-dithiane (1.2 eq.) 
(62a) v n-BuLi (1.2 eq.) 52% exclusive 
-78 octo RT 
Malonate (3 eq.) 
(62b) Et02C............._C02Et NaOEt (3.1 eq.) 20% exclusive 
0°CtoRT 
Vinyl MgBr (1 0 eq.) 
(62c) BrMg~ CuCN (5 eq.) 65% exclusive 
TMSCI (5 eq.) 
-78 octo RT 
·" Determmed by 250 MHz H NMR spectroscopy of crude reactiOn nnxture 
Table 1 
From the results in Table 1 it is evident that the conjugate addition products were 
isolated with varying yields but we were pleased to observe in each case the formation 
of the product as a single diastereoisomer with the relative stereochemistry, supported 
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by ID NOE studies to be as shown in (62) (no NOE was observed between the 
protons at positions 2 and 12b) (Scheme 25). Due to the formation of (62a-c) as a 
single diastereoisomer we were unable to perform a set of comparative NOE studies. 
We were, however, able to obtain more conclusive support for the relative 
stereochemistry of products (62a-c) through the observation of the positive ID NOE 
interactions as indicated in Figures 10-12 respectively . 
..-:;:; N H BnL 
positive NOE H 
interaction 
Figure lO.lD NOE interaction for (62a) 
..-:;:; 
N H BnL 
positive NOE H 
interaction 
Figure 11. lD NOE interaction for (62b) 
I~ 
..-:;:; 
~nLH 
positive NOE H 
interaction 
Figure 12. lD NOE interaction for (62c) 
In each of the products (62a-c), you would not expect to observe the positive ID NOE 
interactions shown in Figures 1 0-12, if the nucleophilic species was located on the 
opposite face. The stereochemical outcome of the conjugate addition reactions could 
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be explained by a preference for the nucleophilic species to adopt a pseudo-equatorial 
position on the lactam ring. 
2.4.4 Conjugate Addition Reactions of Epimerised Key Building Block 
Following our initial investigations into the conjugate addition reactions of our key 
precursor (47), we thought it would be interesting to observe the effect, if any, of the 
epimerisation of (47) on the diastereoselectivity of the conjugate addition reactions. 
Therefore, we utilised the same approach as described above (Section 2.4.2) to 
introduce the required a,p-unsaturation ·into our epimerised building block (57) 
(Scheme 26). 
NaH, BnBr 
_.,;:; DMF, RT,2h _.,;:; 
(63) l ~A PhSeBr THF 
-78 °C toRT 
24h 
Nai04 
NaHC03 
_.,;:; 
MeOH, H20 
_.,;:; Se Ph RT, 18 h 
(65) (64) 
Scheme26 
The indolizino[2,3-a]quinolizidine derivative (57) was initially his-protected by 
treatment with sodium hydride followed by benzyl bromide to give (63) in 70% yield. 
The enolate of (63), generated from LDA, was treated with phenyl selenenyl bromide 
at -78 °C to produce the selenide (64). The selenide was not purified and on treatment 
with sodium periodate undergoes selenoxide elimination to give the desired a,p-
unsaturated compound (65) in 70% yield from (63). 
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With the a,~-unsaturated compound (65) in hand, we turned our attention to the 
Michael-addition chemistry. We investigated the conjugate addition reaction of two 
nucleophilic species with (65) (Scheme 27). The conditions and results for each of the 
attempted reactions are summarised in Table 2. 
(65} 
Product N ucleophile · 
(66a) BrM g ..A::::::, 
C02 Et 
(66b) s--\ VS 
Nucleophile 
SeeTable2 
Scheme27 
Conditions 
Vinyl MgBr (10 eq.) 
CuCN (5 eq.) 
TMSCl (5 eq.) 
-78 °C toRT 
Dithiolane (2 eq.) 
LDA(2 eq.) 
-78 °C toRT 
(66a-b} 
Yield d.r." 
53% exclusive 
55% exclusive 
·" Detenruned by 250 MHz H NMR spectroscopy of crude reaction truxture 
Table 2 
The results of the conjugate addition reactions detailed in Table 2 were pleasing as the 
products were isolated in respectable yields and as single diastereoisomers. The 
relative stereochemistry of the single diastereoisomers were rationalised by 1 D NOE 
studies and are as shown in structure (66) (Scheme 27). 
The important 1D NOE interactions for (66a) are highlighted in Figure 13, which 
support the relative stereochemistry of (66a) to be as shown in Scheme 27. Due to the 
complexity of the 1H NMR spectrum of (66a) in chloroform, it was necessary to 
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perform the ID NOE studies with benzene as solvent, as this gave superior separation 
of the signals in the 1H NMR spectrum. 
(66a) Positive 1 D NOE Interactions 
1. H12band H1ax 
2. H12b and H1 eq 
3. H12b and H3ax 
4. H1 ax and vinyl CH 
5. H3ax and vinyl CH 
6. H3eq and vinyl CH 
Figure 13 
The positive NOE interactions observed between H12b and HI • ., Hleq and H3ax 
suggest the lactarn ring of (66a) adopts a boat-like conformation (Figure 13). A strong 
positive NOE was observed between Hlax and the CH of the vinyl moiety which 
supports the relative stereochemistry of (66a) to be as shown in Figure 13; with the 
vinyl group at C2 orientated in a pseudo-equatorial position. Indeed, you would not 
expect to observe such an interaction if the vinyl group was occupying a pseudo-axial 
position. Furthermore, no NOE was observed between Hlax and the proton at C2, 
which you might expect if the vinyl moiety was in the pseudo-axial position. More 
evidence to support the proposed pseudo-equatorial vinyl moiety was the observation 
of positive NOE interactions between the vinyl CH and H3ax and H3eq. Indeed, you 
would only expect to observe a positive NOE between the vinyl CH and H3eq given a 
pseudo-axial disposition of the vinyl moiety. 
The observation of a boat-like conformation for the lactam ring of (66a) is not 
surprising considering the preferred structure of the corynantheoid · alkaloid 
geissochizine (29) is thought to be one in which the D-ring occupies a twist-boat 
conformation. 48 
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OH 
(29) 
With respect to the "dithiolane" product (66b), the important 1D NOE interactions are 
highlighted in Figure 14, which support the relative stereochemistry of(66b) to be as 
shown in Scheme 27. 
(66b) 
Hax Hax 
~h~-:J \r4,"'.._'co,a 
Positive 1 D NOE Interactions 
1. H12b and H1eq 
2. H12b and H3ax 
3. H 1 ax and H2ax 
4. H1 eq and H2ax 
Figure 14 
The positive NOE interactions between H12b and H1eq as well as H12b and H3ax 
suggest the lactam ring of (66b) adopts a boat-like conformation (Figure 14), similar 
to (66a). A strong positive interaction was observed between H1ax and H2ax and a 
weaker positive interaction was found between H1eq and H2ax which leads to a 
pseudo-equatorial orientation of the "dithiolane" group. Indeed, if the dithiolane 
moiety was occupying the pseudo-axial position at C(2), you would not expect to 
observe the strong correlation seen between HI ax and H2ax as well as H 1 eq and H2ax. 
Furthermore, the absence of an NOE between H2ax and H3ax!eq suggest the pseudo-
equatorial disposition of the bulky dithiolane, as you would expect two similar NOE 
interactions between H3ax!eq and the proton at position 2 if the dithiolane group was in 
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a pseudo-axial orientation. The stereochemical outcome of the conjugate addition 
reactions to (65) could be explained by a preference for the nucleophilic species to 
adopt a pseudo-equatorial position on the lactam ring, which is in agreement with the 
results obtained for products (62a-c). 
2.4.5 Conjugation Addition Reactions on Key Building Block (50) 
Our final investigations into conjugate addition reactions of our indolizino[2,3-
a]quinolizidine substrates involved the 1,4-addition of the vinyl cuprate derived from 
vinyl magnesium bromide and copper cyanide following our adopted standard 
conditions35 with key building block (50) (Scheme 28). 
I NaH,BnBr DMF, RT, 1 h ~ ~ 
(67) I LOA PhSeBr THF 
-78 •c toRT 
24h 
.,-OBn .,-OBn 
/ 0 NaJ04 / 0 
NaHC03 
'<::::: 
~ 
MeOH, H20 ~ Se Ph RT, 18 h 
(69) (68) l vm• ""' CuCN 
TMSCI 
THF, -78 •c toRT 
24h 
Scheme28 
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The indolizino[2,3-a ]quinolizidine derivative (50) was initially his-protected by 
treatment with sodium hydride followed by benzyl bromide to give (67) in 90% yield. 
The enolate of (67), generated from LDA, was reacted with phenyl selenenyl bromide 
at -78 °C to produce the selenide (68). The selenide was not purified and on treatment 
with sodium periodate undergoes selenoxide elimination to give the desired a,~­
unsaturated compound (69) in 85% yield from (67). The 1,4-addition product (70) 
was isolated in 70% yield as a single diastereoisomer as determined by examination 
of the crude 250 MHz 1 H NMR. The relative stereochemistry of (70) was determined 
by the observation of a strong positive ID NOE interaction b~tween the proton at 
position 12b and the Vinyl CH as shown in Scheme 28. 
2.4.6 Future Applications of Conjugate Addition Chemistry 
We have successfully demonstrated the introduction of a variety of nucleophilic 
species to the ~-position of the lactam ring of our indolizino[2,3-a]quinolizidine 
derivatives. We envisage that this methodology may have potential future application 
in the total synthesis of natural products exemplified by geissochizine (29) and 
dihydrocorynantheol (35). 
OH 
(29) 
OH 
(35) 
For example, one can imagine incorporation of the C(15) side chain of (35) via 
conjugate addition of a vinyl cuprate species to an a,~-unsaturated lactam ring 
followed by a regioselective hydroboration for which there is literature president.35 
Furthermore, the ethyl group at C(20) could be introduced by an enolate reaction at 
the a-position of the lactam ring with an appropriate electrophile such as ethyl iodide. 
The group at C(15) could be expected to provide some stereocontrol over the enolate 
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reaction to give the desired trans relationship between the groups at C(IS) and C(20) 
in (35). 
The C(15) moiety of (29) could be incorporated in three stages, firstly by the 
conjugate addition of a dithiolane species, which can be desulfurised with nickel 
boride to leave an acetate side chain.4k Formylation of the acetate group has been 
achieved by Winterfeldt49 to give the desired functionality at C(lS). 
Thus the possible utility of our "Michael" chemistry in total synthesis is not without 
foundation and may be adopted in our future investigations. 
2.5 Manipulation of the Indolizino[2,3-a]quinolizidine Ring System 
2.5.1 Introduction 
In order to demonstrate the potential synthetic utility of our novel N-acyliminium 
cyclisation methodology in target synthesis we decided to adopt the rhodium-induced 
decarbonylation sequence (Section 2.2.2) to remove the hydroxymethyl "auxiliary'' 
from our indolizino[2,3-a]quinolizidine derivatives. 
2.5.2 Rhodium Catalysed Decarbonylation Studies 
In our investigations on the indolizino[8,7-b]indole ring system (2}, we examined the 
utility of a rhodium induced decarbonylation sequence that involved generation of an 
aldehyde followed by a stoichiometric rhodium decarbonylation reaction. Following 
on from these initial studies, it was found50 that decarbonylation of the same aldehyde 
precursor (23) could be achieved without the need for stoichiometric quantities of the 
rhodium complex (20). Indeed, by simply changing the solvent for the 
decarbonylation reaction fromp-xylene (b.p. = 137-138 °C} to mesitylene (b.p. = 163-
165 °C), the decarbonylation of (23) proceeded with 10 mol% of the rhodium 
complex (20) again producing a mixture of the enamide (25) and the target lactam 
(24) (Refer to Section 2.2.2). Presumably, the higher reaction temperature overcomes 
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the energy barrier which prevents regeneration of the active rhodium species, thus 
allowing a catalytic decarbonylation sequence to operate. 5 1 
Based on these observations, we utilised the chemistry detailed in Scheme 29 to 
facilitate removal of the hydroxymethyl group from our indolizino[2,3-
a]quinolizidine substrate (47). 
(47) 
IBX, DMSO 
RT,24h 
Scheme 29 
RhCI(CO)(PPhal2 
(10mol%) 
Mesitylene, 6, 4 days 
The cyclisation product (47) was converted to the aldehyde (71) through lBX 
oxidation in 70% yield after purification. The aldehyde was subjected to the rhodium 
decarbonylation protocol employing mesitylene as the solvent with 10 mol% of the 
rhodium species (20). After 4 days at reflux complete disappearance of the aldehyde 
was observed and the target lactam (72) was isolated in 60% yield after purification. It 
is worth noting that examination of the crude 250 MHz 1H NMR revealed no 
formation of any enamide products in this reaction. Furthermore, the separation of any 
phosphorous impurities was made easier due to the reduced quantities present in the 
reaction mixture. However, perhaps the biggest advantage of these conditions is the 
reduction in the quantity of the expensive rhodium complex (£80/g) needed to 
facilitate the decarbonylation of (71). This has important implications should this 
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methodology be adopted in total synthesis, where it may be necessary to perform this 
reaction on larger scales. 
Having isolated lactam (72) we were able to grow crystals of this compound which 
were suitable for X-ray crystallography (Figure 15). 
Figure 15. Crystal structure of (72) 
The X-ray structure of (72) confirmed the structure but revealed a problem had been 
encountered during the decarbonylation step. The X-ray data had determined the 
crystal was occupying a centrosymmetric space group. This means there is an 
inversion centre whereby each molecule in the unit cell has a "partner'' related by a 
mirror reflection and a rotation. Thus in our crystal structure of (72) we have a 50:50 
mixture of two inverted forms which can only arise given a racemic crystal. 
Having made this discovery we were forced to examine the suitability of the rhodium 
decarbonylation step, which appears to have brought about racemisation of our 
substrate (72), perhaps a consequence of the rather long reaction time at high 
temperature. Therefore, we decided to monitor the decarbonylation reaction more 
closely for completion of the reaction with the intention of reducing the lengthy 
reaction time and hopefully the extent of the racemisation. Furthermore, we thought it 
would be useful to develop chiral HPLC conditions for (72), hopefully allowing us to 
measure the enantiomeric excess (e.e.) of the product (72) obtained from our 
decarbonylation reactions. 
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Initially, we were required to develop chiral HPLC conditions suitable for the 
separation of the enantiomers of (72), for which we utilised the crystal which had 
been shown conclusively by X-ray crystallography to be racemic. Figure 16 shows a 
chiral HPLC trace of racemic (72) with the enantiomers highlighted. 
d 
I • • ~~~· -----~~~TY~----~1 -. 
- e 
Chiral HPLC perfonned using a Chiracel OD-H column, 85:15 hexane:2-propanol, 0.6 ml/min 
Figure 16. Chiral HPLC trace of racemic (72) 
Having found suitable conditions for the separation of the enantiomers of (72) using 
chiral HPLC, a study was conducted on the decarbonylation reaction in which the 
reaction was monitored closely by 1H NMR for complete disappearance of the 
aldehyde proton signal in an attempt to minimise the reaction time and hopefully 
increase the e. e. of the product (72). 
In our frrst attempt at monitoring the decarbonylation of (71) a 1H NMR sample after 
36 hours at reflux in mesitylene showed complete conversion to (72) so the reaction 
was stopped and the e. e. determined by chiral HPLC (Figure 17). From the integration 
of the relevant peaks highlighted in Figure 17 the e.e. was found to be approximately 
74%. Thus it appeared that the length of the reaction was a factor in the racemisation 
of (72) and perhaps an even higher e. e. could be obtained by further reductions in 
reaction time. 
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Figure 17. Chiral HPLC trace of (72) after 36 h decarbonylation 
Following this significant improvement in the e.e. of (72) to around 74%, we were 
extremely pleased to find that through careful 1 H NMR monitoring, the 
decarbonylation of (71) was complete after 21 hours. Furthermore, examination of the 
chiral HPLC trace from the 21 hour decarbonylation (Figure 18) provided an e.e. of 
around 94%. 
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Chiral HPLC performed using a Chiracel OD-H column, 85:15 hexane:2-propanol, 0.6 ml/min 
Figure 18. Chiral HPLC trace of (72) after 21 h decarbonylation 
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Having obtained an e.e. of around 94% for the decarbonylation of (71) we were 
optimistic with respect to the potential application of the Ihodium decarbonylation 
methodology in asymmetric synthesis. However, we decided to repeat the 
decarbonylation of (71) (Scheme 30) to ensure the high e. e. obtained for product (72) 
was reproducible, the results of which are summarised in Table 3. 
RhCI(CO)(PPh3l2 
(10mol%) 
Mesitylene, t., x h 
See Table ..-,:::; 
..-,:::; H 
(72) 
Scheme30 
Entry Time for completion e.e. (%) 
of reaction (h) (72) 
1 96 0 
2 36 74 
3 21 94 
4 18 50 
5 12 56 
6 21 41 
'Chiral HPLC performed usmg a Chiracel OD-H column, 85:15 hexane:2-propanol, 0.6 rnVmin 
Table 3 
Unfortunately, as one can see from Table 3, we were unable to reproduce the high 
94% e.e. initially obtained from the 21 hour decarbonylation (Entry 3, Table 3). 
Indeed, subsequent reactions (Entries 4-5, Table 3) gave poor e. e. values, even though 
the reaction was performed in an identical manner on each occasion. 
Having spent a significant amount of time investigating the rhodium-induced 
decarbonylation we felt an alternative procedure for the removal of the 
hydroxymethyl auxiliary group was required; which would form the basis of our 
subsequent investigations on the indolizino[2,3-a]quinolizidine ring system. 
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2.5.3 Alternative Procedure for Removal of Hydroxymethyl "Auxiliary" Group 
There are a number of radical chain decarbonylations reported in the literature, 52 of 
which we became interested in the trialkylstannane-induced decarbonylation of 
phenyl seleno esters.53 Indeed, in their investigations towards the synthesis of 
Monensin, Ireland54 et al. found that phenyl seleno esters (74), derived from reaction 
of an acid (73) with phenyl dichlorophosphate followed by selenophenol, undergo 
radical decarbonylation to give the alkane (75) (Scheme 31). 
0 PhOP(O)CI2 0 n-Bu3SnH 
R)lOH 
Et3N 
R)lSePh 
AIBN RH 
PhSeH Benzene 
THF,O'C ~.2 h 
. (73) 40min (74) (75) 
Scheme31 
Martin employed similar methodology in the synthesis of geissochizine (29),29 which 
is detailed in Scheme 32. 
(76) 
1. i-BuOCOCI, NMM 
PhSeNa 
2. n-Bu3SnH 
AIBN, benzene 
80 'C, 4 h 
Scheme 32 
(77) 
Martin discovered that the acyl selenide,55 prepared by sequential reaction of acid (76) 
with isobutyl chloroformate and then sodium phenyl selenide, underwent facile and . 
efficient radical decarbonylation to give (77) in 79% yield from (76), which was 
converted in one step to the natural product (29). 
The radical decarbonylation of phenyl seleno esters thus appeared to be an attractive 
alternative to the rhodium-induced decarbonylation reaction. 
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The application of this methodology on our substrates would initially require 
oxidation of (47) to the corresponding acid (78), either directly or in a stepwise 
fashion via aldehyde (71) (Scheme 33). 
(47) 
•, 
•, 
IBX, DMSO 
RT, 24h 
···· ... 
Alternative •• •• 
direct oxidation •••••• ••• 
·., 
Scheme33 · 
~~oxidation•• 
A variety of methods were employed for the attempted oxidation of aldehyde (71) to 
acid (78) including sodium chlorite in methanol, 56 oxone in DMF,57 sodium chlorite in 
acetonitrile/water58 and potassium permanganate. 59 However, none of these methods 
gave the desired acid (78) and so we turned to the possibility of direct oxidation from 
(47). 
The direct oxidation of (47) to (78) was attempted using standard Jones oxidation 
conditions60 as well as pyridinium dichromate (PDC) in DMF/water61 but neither 
method delivered the acid. 
The reason for the difficulties experienced in these oxidation reactions is probably the 
presence of the indole ring, which unprotected is known to be sensitive to oxidising 
conditions.23 
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Therefore, a route was needed whereby the indole nitrogen of (47) could be 
selectively protected in the presence of the hydroxyrnethyl group prior to the 
attempted oxidation reactions. We exhausted numerous conditions for the selective 
protection of the indole nitrogen of (47) as the sulphonamide derivative. However, in 
all cases, mixtures of mono nitrogen, oxygen and his-protected products were 
obtained. Eventually we found the protocol detailed in Scheme 34 to be the most 
practical for our purposes. 
CHO 
. I ~ 
.6' 
(71) 
0 Et3N, (Boc)20 DMAP 
THF, RT, 4h I 
Scheme34 
(79) 
NaCI02 
NaH2P04 
1-methyl-1-
cyclohexene 
CH3CN, 1-BuOH 
H20, 0 octo RT, 18 h 
(80) 
The indole nitrogen of aldehyde (71) was protected as the t-butoxycarbonyl (BOC) 
derivative62 using triethylamine, N,N-dimethylaminopyridine (DMAP) and di-t-butyl 
dicarbonate ((Boc)zO) producing (79) in 98% yield. Oxidation of the BOC-protected 
aldehyde (79) with sodium chlorite63 was now straightforward and the acid (80) was 
isolated in 83% yield. 
The next stage would involve the radical decarbonylation of the phenyl seleno ester 
(81) under similar conditions to those employed by Martin (Scheme 35).29 
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C02H COSePh 
0 (PhSe)2 0 
PBua 
DCM 
-0' o•ctoRT -0' 
18 h 
(80) (81) l ~·"·'"" AIBN Toluene 
80 •c, 2 h 
0 
-0' 
(82) 
Scheme 35 
The phenyl seleno ester (81) was prepared in 83% yield through treatment of the acid 
(80) with diphenyl diselenide and tri-n-butyl phosphine. The acyl selenide derivative 
was subjected to the tin-mediated decarbonylation to yield (82) in 73% yield. 
Having successfully demonstrated removal of the hydroxymethyl substituent from our 
cyclisation product (47) via the radical decarbonylation of an acyl selenide derivative, 
we were required to measure the enantiomeric integrity of our decarbonylation 
product (82). Deprotection of the BOC group from (82) would deliver (72), for which 
we have established suitable chiral HPLC conditions, thus enabling us to measure the 
e. e. of our radical decarbonylation product. Avoiding the use of typical acidic BOC 
cleavage conditions to ensure there was no possibility of racemisation, we followed a 
procedure utilising tetra-n-butylammonium fluoride (TBAF) to remove the BOC 
group from (82) (Scheme 36).64 
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TBAF 
THF 
d, 9 h 
Scheme 36 
98 
The HOC-protected decarbonylated derivative (82) was heated under reflux in 
tetrahydrofuran with 10 equivalents of TBAF giving lactam (72) in 65% yield. We 
now measured the e. e. of (72) synthesised via the radical decarbonylation route using 
our standard chiral HPLC conditions (Figure 19). 
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Figure 19. Chiral HPLC trace of (72) from radical decarbonylation 
We were extremely pleased to observe the chiral HPLC trace for (72) from the radical 
decarbonylation (Figure 19) which demonstrated an e.e. ?: 98% under the limit of 
detection of the HPLC equipment, demonstrating removal of the hydroxymethyl 
"auxiliary" from our cyclisation substrates with no loss of enantiomeric integrity. 
2.5.4 Lactam Reduction 
To examine the suitability of our previously used method (Section 2.2.3) for reduction 
of the lactam functionality from our indolizino[2,3-a]quinolizidine substrates, 
cyclisation product (47) was reacted under the conditions outlined in Scheme 37 to 
produce the clean reduction product (83) in 74% yield. 
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Red-AI® 
TolueneffHF 
RT, 20h 
Scheme37 
2.6 Application of N-Acyliminium Cyclisation Methodology in the 
Synthesis oflndole Alkaloids 
2.6.1 Total Synthesis of (12bS)-(-)-1,2,3,4,6,7,12,12b-octahydroindolo[2,3-
a)quinolizine 
In our research to date we have been able to demonstrate the stereoselective synthesis 
ofboth indolizino[8,7-b]indole and indolizino[2,3-a]quinolizidine derivatives through 
the application of our novel N-acyliminium cyclisation methodology. As noted in 
Section 2.1.1 the indolizino[2,3-a]quinolizidine template (1) comprises the tetracyclic 
skeleton of numerous interesting indole targets. 
To demonstrate the potential synthetic utility of our new methodology in the target 
synthesis of complex indole alkaloids and their synthetic analogues, we initially 
undertook the synthesis of a simple indole alkaloid, (12bS)-(-)-1,2,3,4,6,7,12,12b-
octahydroindolo[2,3-a ]quinolizine (84). 
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The indole alkaloid (84), isolated in 1966, is found as the main constituent in the 
leaves of a New Guinea tree, Dracontomelum mangiferum B1, which belongs to the 
family Anacardiaceae.65 
In order to access the natural S-enantiomer of the target we were required to work 
with template (50), which was synthesised from D-tryptophan (Section 2.3.4). Our 
synthetic route to the natural product would initially require application of our tin-
mediated decarbonylation strategy for removal of the hydroxymethyl group from (50) 
(Scheme 38). 
~C02H 
~ 
.• 0 
(87) 
(PhS.), j PBu3 
DCM 
o •c to RT, 18 h 
,90SePh 
!!' 0 
"'::::, 
_.;:; 
(88) 
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RT, 24h 
NaCI02 
NaH2P04 
1-methyl-1-
cyclohexene 
CH3CN 
f-BuOH 
H20 
o•ctoRT 
18 h 
n-Bu3SnH 
AIBN 
Toluene 
80 ·c. 2 h 
Scheme38 
~CHO 
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The indolizino[2,3-a ]quinolizidine derivative (SO) was first oxidised with IBX to 
produce the corresponding aldehyde (85) in 60% yield. Protection of (85) was 
accomplished as before through treatment with Et3N, DMAP and (Boc)20 to give (86) 
in 63% yield. Compound (86) was oxidised to the carboxylic acid derivative (87) with 
sodium chlorite in 70% yield from which we generated the acyl selenide (88) in a 
yield of 66%. Finally, we performed the tin-mediated radical decarbonylation reaction 
producing the indolizino[2,3-a]quinolizidine derivative (89) in 98% yield (Scheme 
38). 
Elaboration of compound (89) to the natural product (84) was achieved via 
deprotection of the indole nitrogen with TBAF giving (90) in 63% yield followed by 
reductive removal of the lactam carbonyl group with lithium aluminium hydride 
producing the target compound (84) in 96% yield (Scheme 39). 
TBAF 
THF, .1, 9 h 
(89) 
Scheme39 
(90) 
j L~~~4 .1 for3 h RTfor 12 h 
[cx]o= -79.6 (c= 1, MeOH) 
(84) 
Target S-(-)-(84) was found to have an e.e. > 95% and the same absolute 
configuration as the natural product by comparison of optical rotation data66 (lit. [a]o 
= -84 (c = 1, MeOH)).67-68 Furthermore, we were able to obtain an X-ray crystal 
structure of (84) confirming the structure of the product (Figure 20). 
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Figure 20. Crystal Stucture of (84) 
2.6.2 Total Synthesis of Both Enantiomers ofDeplancheine 
R-(+)-Deplancheine (91) was isolated in 1980 by Husson69 and eo-workers from the 
stem and bark of the New Caledonian plant Alstonia deplanchei. Deplancheine (91) 
has an unusual structure in lacking the three carbon unit usually attached to C(l5) in 
the corynantheine-type alkaloids. 
R-{91) 
The (±)-form of deplancheine was synthesised70 as a model compound six years 
before the report69 of the isolation of the (+)-base from natural sources, which 
established the £-configuration of the ethylidene group. The R configuration of indole 
alkaloids derived from amino acids is uncommon and has been attributed to the 
enzyme biogenesis of these alkaloids.71 
After the structural elucidation of deplancheine a number of total syntheses were 
reported, 72 but all of these approaches produced racemic material. For example, 
Joule72• utilised the cyano-adduct (92) which on treatment with acetic acid undergoes 
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cyclisation to produce enol ether (93). This compound is elaborated to (±)-(91) 
through deprotection of the enol-ether and wittig reaction (Scheme 40). 
50% aqueous 
AcOH 
RT, 15 h 
Scheme40 
(93) 
1
1. Deprotection 
2. Wittig 
(±)-(91) 
In 1982 Overman72b reported the stereospecific iminium ion-vinylsilane cyclisation of 
(94) via intermediate (95) producing racemic (91) (Scheme 41). 
(CH20lm camS03H 
SiMe3 CH3CN, 80 •c, 2 h ~ H 
Me 
(94) (±)-(91) 
via 
(95) Me 
Scheme 41 
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There has been one asymmetric synthesis of unnatural S-(-)-(91) carried out by 
Myers73 and eo-workers in 1986. It was the asymmetric synthesis of S-(91) by Myers 
that established the correct absolute configuration of naturally occurring (91) to be R. 
8-(91) 
Our route toward R-(91) utilises our enantiomerically pure radical decarbonylation 
product (82) as a key intermediate. The first stage of the transformation to R-(91) 
involved the introduction of the ethylidene group via the three-step procedure detailed 
in Scheme 42?4 
(82) 
1. LOA, CH3CHO 
THF, -78 ·c toRT, 24 h / 
2. Et3N, MsCI ~ 
DCM, -40 •c to RT, 3 h 
3. DBN 
THF, RT, 16 h 
Scheme42 
(96) 
The lithium enolate from treatment of (82) with LDA undergoes aldol reaction with 
acetaldehyde, followed by activation of the hydroxyl group by mesylation and finally 
DBN-induced elimination to give the desired target (96) in 65% yield over the three 
steps (Scheme 42). We found that whereas a THF/DCM solvent mixture in the 
elimination step gave only a 4.7:1 ratio of isomers in favour of the desired £-product 
(96}, if the elimination was carried out in THF alone the E-regioisomer of the 
ethylidene product (96) was obtained exclusively. 
Conversion of (96) to the natural product simply required deprotection of the indole 
nitrogen and reduction of the lactam carbonyl (Scheme 43). 
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Deprotection of the BOC protecting group from (96) was achieved in 63% yield using 
TBAF generating lactam (97). Selective reduction of the lactam functionality in the 
presence of the ethylidene moiety followed the method described by Martin,29 which 
is an adaptation of the Borch protoco!.75 Selective reduction was successful producing 
the natural productR-(91) in 77% yield (Scheme 43). 
Target R-(+)-(91) was found to have an e.e. > 95% and the same absolute 
configuration as the natural product by comparison of optical rotation data (lit. [a]o = 
56± 2 (c = 1, CHCh)).69 
We were able to obtain an X-ray crystal structure of the natural product which is 
shown in Figure 21. Interestingly, a spacer water molecule acts as an intramolecular 
hydrogen bond acceptor and donor linking two molecules of the natural product 
together in the unit cell. 
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Figure 21. Crystal Structure of R-(91) 
A 400 MHz 1H NMR spectrum of R-(91) (Figure 22) was identical to that of a 1H 
NMR spectrum of racemic (91) (Figure 23), kindly provided by Professor Larry 
. Overman from his synthesis of (±)-(91) in 1982.72b 
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Figure 22. 1H NMR spectrum of R-(91) 
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H 
· CH3 
Figure 23. 1H NMR spectrum of (±)-(91) 
To verify our asymmetric synthesis of R-(91) and to demonstrate the potential 
synthetic utility of our methodology we have also undertaken an asymmetric synthesis 
of the S-enantiomer of the natural product (91). The route (Scheme 44) mirrors that 
described in Scheme 43, but utilises intermediate (89), which was prepared by 
manipulation of key building block (50), synthesised starting from D-tryptophan ( 48) 
as the original substrate. Furthermore, in the final step of the synthesis, the selective 
reduction of the lactam carbonyl in the presence of the ethylidene moiety, we have 
applied two methodologies; the protocol we applied in the synthesis of R-(91) from 
Martin,29 and diisobutylaluminium hydride (DIBAL) as used by Myers.73 
Introduction of the ethylidene group into the radical decarbonylation product (89) 
involved our standard three step procedure of aldol reaction followed by activation 
and elimination of the resulting hydroxyl group generating (98) in 71% yield. 
Deprotection of the BOC group from (98) was achieved through treatment with TBAF 
producing (99) in 58% yield. Lactam (99) undergoes selective reduction through 
treatment with Meerwein's reagent followed by sodium borohydride29 producing S-
(91) in 64% yield. In addition, DIBAL reduction of (99) was successful and the target 
compound S-(91) was isolated again in a yield of64% (Scheme 44). 
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(89) 
1. LDA, CH3CHO 
THF, -78 'C toRT, 24 h / 
2. Et3N, MsCI 
DCM, -40 'C to RT, 3 h 
3.DBN 
THF, RT,16h 
DIBAL 
DME 
O'CtoRT 
S-(91) 
[u]o= -58.4 (c= 1, CHCI3} 
Scheme44 
(98) 
j TBAF THF, 6., 9 h 
0 
1. Me30BF4 
2,6-t-Bu2Py 
DCM, RT, 21 h 
2. NaBH4 . 
MeOH 
0 'C, 0.5 h 
5-(91) 
[u]0 = -52.4 (c= 1, CHCI3) 
In both cases target S-(-)-(91) was found to have an e.e. > 95% by comparison of 
optical rotation data (lit. [a]0 = -56± 2 (c =I, CHC13)).69 
2.6.3 Conclusion 
In summary, we have developed a facile and highly stereoselective approach to the 
important indolizino[8, 7 -b ]indole and indolizino[2,3-a ]quinolizidine templates from 
readily available non-racemic substrates. The key ring-forming step involves the 
cyclisation of a pendent aromatic substituent onto an N-acyliminium intermediate. 
We have successfully demonstrated removal of the pendent hydroxymethyl 
"auxiliary" from both systems demonstrating the potential for application of our novel 
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cyclisation methodology in target synthesis. In addition, we have functionalised our 
indolizino[2,3-a]quinolizidine derivatives through application of Michael addition 
chemistry, which may have future utility in the synthesis of some complex indole 
alkaloids. 
Finally, we were able to utilise our methodology in the asymmetric synthesis of a 
simple indole alkaloid (84), as well as construction of both enantiomers of 
deplancheine (91) with high enantiomeric purity. 
Schemes 45 to 52 give an overview of some of the important transformations 
described throughout this thesis. 
• Stereoselective synthesis of tetracyclic indolizino[8,7-b]indole derivatives 
through condensation of an optically pure amino alcohol and a keto-acid 
substrate (Scheme 45). 
(~" Me 
OH 
0 
(12) 0 
"""" 
Toluene, 1!., 48 h ~ 
...,;:; 
(14) 
Scheme45 
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• Stereoselective synthesis of indolizino[8,7-b]indole derivatives through 
cyclisation of an imide intermediate (Scheme 46). 
~N ~ NH 
0 HO 
(16) 
NaBH4, EtOH 
2MHCI 
0 'C, 20h 
Scheme46 
(18) 
• Stereoselective synthesis of indolizino[2,3-a]quinolizidine derivatives via 
cyclisation of a chiral bicyclic lactam intermediate (Scheme 47). · 
cJ 
H 0 
(46alb) 
NH 
2M HCI, EtOH 
RT, 20h 
Scheme47 
• Epimerisation of indolizino[2,3-a ]quinolizidine derivatives (Scheme 48). 
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• Functionalisation of indolizino[2,3-a]quinolizidine derivatives via conjugate 
addition reactions (Scheme 49). 
Nucleophile 
(60) 
Scheme49 
• Removal of hydroxymethyl "auxiliary" from indolizino[2,3-a]quinolizidine 
derivatives via radical decarbonylation of an acyl selenide (Scheme 50). 
n-Bu3SnH 
AIBN 
Toluene 
eo ·c. 2 h I 
0 
0 
(81) (82) 
Scheme SO 
• Regioselective introduction of an ethylidene moiety into indolizino[2,3-
a ]quinolizidine substrates (Scheme 51). 
(82) 
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1. LDA, CH3CHO 
THF, -78 •c toRT, 24 h / 
2. Et3N, MsCI o 
DCM, -40 •c to RT, 3 h 
3. DBN 
THF, RT, 16 h 
Scheme 51 
(96) 
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• Selective reduction of lactam functionality in the presence of an ethylidene 
moiety (Scheme 52). 
(97) 
Method 1 
1. Me30BF4 
2,6-t-Bu2Py 
DCM, RT, 21 h 
2. NaBH4 
Me OH 
o ·c. o.s h 
Method2 
DIBAL 
DME 
o•ctoRT 
Scheme 52 
R-(91) 
Future work will focus on extending the methodology described to other, more 
complex indole alkaloid targets. 
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Chapter3 
Experimental 
3.1 General Information 
3.1.1 Solvents and Reagents 
All solvents, where necessary, were dried and stored over 4A molecular sieves prior 
to use. 
Reagent chemicals were purchased from Lancaster Chemical Synthesis Ltd., Aldrich 
Chemical Company Ltd., Acros (Fischer) Chemicals· Ltd., Avocado and Strem 
Chemicals UK and were distilled or recrystallised as required. 
3.1.2 Chromatographic Procedures 
Analytical thin layer chromatography (TLC) was conducted using aluminium-backed 
plates coated with 0.2 mm silica. Plates were visualised under UV light (254 nm) as 
well as through staining with potassium permanganate, 2,4-dinitrophenylhydrazine or 
phosphomolybdic acid. Flash column chromatography was conducted using Merck 
Kiesgel (70-230 Mesh ASTM). Samples were applied as saturated solutions in an 
appropriate solvent or pre-adsorbed onto the minimum quantity of silica gel. Pressure 
was applied to the column by the use of hand bellows. 
Chiral HPLC was performed using a Thermoseparations modular machine (VI 00 UV 
Detector, P200 pump and TSP Chromatographic integrator) using a Chira Cel OD-H 
column (250 x 4.6 mm) purchased from Merck. 
3.1.3 Spectra 
Infra-red spectroscopy (IR) was conducted in the range of 4000-600 cm·1, using a 
Perkin-Eimer Fourier Transform Paragon 1000 Spectrophotometer (with internal 
calibration). Samples were run as nujol mulls or dissolved in an appropriate solvent 
and applied as a thin film to the 1R plates. Liquid samples were applied neat to the 
plates and run as thin films. 
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Nuclear magnetic resonance (NMR) spectra eH and 13C) were recorded using either a 
Bruker AC-250 or DPX-400 spectrometer. Multiplicities were recorded as broad 
peaks (br), singlets (s), doublets (d), triplets (t), double doublets (dd), doublet of 
double doublets (ddd) and multiplets (m). All NMR samples were made up in 
deuterated solvents with all values quoted in ppm relative to tetramethylsilane (TMS) 
as an internal standard. Coupling constants (J values) are reported in Hertz (Hz). 
Diastereoisomer ratios were calculated from the integration of suitable peaks in the 1H 
NMR spectra. 
Mass spectra (high/low resolution) were recorded on a Jeol-SX1 02 instrument. 
3.1.4 Other Data 
Elemental analyses were conducted on a Perkin-Elmer 2400 CHN Elemental 
Analyser. Melting points were determined using an electrical 9100 Thermal Melting 
Point instrument. Optical rotations were performed using an Optical Activity PolAAar 
2001 instrument and are reported in units of 1 o·t deg cm2 g'1• A Broker SMART 1000 
CCD diffractometer eo rotation with narrow frames was used to collect X-ray data. 
Yields (unless otherwise stated) are quoted for isolated pure products. 
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3.2 Synthesis oflndolizino[8,7-b]indoles 
(2S)-2-Amino-3-(1H-indol-3-yl)propan-1-ol (11)76 
Chlorotrimethylsilane (12.4 m!, 97.9 mmol) was added to a solution of lithium 
borohydride (1.07 g, 49.0 mmol) in anhydrous tetrahydrofuran (75.0 ml) under a 
nitrogen atmosphere over the course of 2 minutes. L-tryptophan (10) (5.0 g, 24.5 
mmol) was added portionwise to the mixture over 5 minutes. After 24 hours stirring at 
room temperature the mixture was treated with methanol (30.0 ml), which was added 
cautiously. The methanol was evaporated and the resulting oil treated with 20% 
potassium hydroxide solution (20.0 ml). The solution was washed with ethyl acetate 
(3 x 100 m!) and the combined organic phases dried over anhydrous magnesium 
sulphate, filtered and the solvent removed to yield a light brown oil (3.26 g, 70%) 
which required no further purification; Vmax(thin film)/cm-1 3278 (NH); 8H(250 MHz; 
DMSO) 2.56 {lH, dd, J 13.8, 6.3, CH(H)CHNH2) 2.79 (1H, dd, J 12.5, 5, 
CH(H)CHNH2) 2.95-3.06 (1H, m, CHNH2) 3.20 (1H, dd, J 17.5, 7.5, CH(H)OH) 3.35 
{lH, dd, J 8.8, 6.3, CH(H)OH) 6.96 (1H, t, J 7.5, ArH) 7.05 {lH, t, J7.5, ArH) 7.14 
{lH, s, CHNH) 7.34 {lH, d, J 10, ArH) 7.54 (1H, d, J 7.5, ArH) 10.83 (1H, br, s, 
NH); 8c(100 MHz; DMSO) 29.4 (CI-b), 54.1 (CH), 65.7 (CHz), 111.2 (CH), 111.5 
(C), 118.0 (CH), 118.4 (CH), 120.7 (CH), 123.1 (CH), 127.5 {C), 136.1 (C); MS (El) 
mlz 190 (M\ 2.95%); (Found: M+, 190.11068. CuH14N20 requires 190.11061). 
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(5S,11bS)-5-(Hydroxymethyl)-11b-methyl-2,3,5,6,11,11b-hexahydro-1H-pyrrolo[2,1-
a]b-carbolin-3-one (14) 
(2S)-2-Amino-3-(1H-indol-3-yl)propan-1-ol (11} (2.3 g, 12.1 mrnol} and Levulinic 
acid (12) (1.40 g, 12.1 mrnol) were added to toluene (150 m!) and heated at reflux 
under Dean-Stark conditions for 48 hours. The reaction was cooled to room 
temperature and the solvent was removed by rotary evaporation. The resulting solid 
was adsorbed onto silica gel and purified by flash column chromatography over silica 
gel using 8:2 ethyl acetate:light petroleum as eluent to produce an off-white solid 
(1.79 g, 55%), a small portion of which was recrystallised from 
, 
dichloromethanelhexane to yield colourless needles; Mp 212-214 °C; [a)o = -229.8 (c 
= 1.2, CH2Ch) (Found: C, 70.99; H, 6.67; N, 10.26; C16H1sN202 requires C, 71.09; H, 
6.71; N, 10.36%}; Vmax(thin film, DCM)/cm-1 3269 (NH), 1655 (NC=O}; ~H(250 MHz; 
CDCI3) 1.65 (3H, s, CH3), 2.18-2.35 (2H, m, CH2CH2CO), 2.48 (lH, ddd, J 17 .5, 7 .5, 
2.5, CH(H}CO), 2.67-2.81 (lH, m, CH(H)CO), 2.67-2.81 (lH, m, CH(H)CHN), 3.04 
(lH, dd, J 16.3, 11.3, CH(H)CHN}, 3.64-3.76 (lH, m, CHCH20H), 4.15-4.20 (2H, m, 
CH20H), 5.12 (1H, t, J 7.5, OH), 7.13-7.20 (2H, m, ArH), 7.35 (lH, d, J 7.5, ArH), 
7.48 (1H, d, J7.5, ArH), 8.03 (1H, br, s, NH); ~c(100 MHz; CDCh) 24.3 (Cfh}, 25.4 
(CH3), 31.3 (CH2), 32.7 (CH2), 55.5 (CH), 62.4 (C), 62.8 (CH2), 107.0 (C), 111.1 
(CH), 118.6 (CH), 119.9 (CH}, 122.3 (CH), 126.6 (C), 136.4 (C), 137.3 (C), 174.8 
(NC=O); MS (El) m/z 270 [M+, 30.8%) (Found: ~. 270.13639. C16H1sN202 requires 
270.13683). 
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1-[ (1 S)-2-Hydroxy-1-(lH-indol-3-ylmethyl)ethyl]tetrahydro-lH-pyrrole-2,5-dione 
(16) 
<· 0 HO 
(2S)-2-amino-3-(1H-indol-3-yl)propan-l-ol (11) (3.91 g, 20.6 mmol) and succinic 
anhydride (15) (2.1 0 g, 20.6 mmol) were stirred in toluene (1 00 rnl) under nitrogen. 
To the resulting solution was added triethylamine (3 ml) and the mixture was heated 
under reflux for 18 hours. After this time the solvent was removed by rotary 
evaporation to yield a dark brown oil which was adsorbed onto silica gel and purified 
by flash column chromatography over silica gel, eluting with 3 :2 ethyl acetate:Iight 
petroleum, to give the target. compound (2.29 g, 54%), a small portion of which was 
recrystallised from dichloromethane to give clear crystals; Mp 144-147 oc; [a]o =-
73.1 (c = 1.3, CH2Ch) (Found: C, 65.80; H, 5.86; N, 10.29; C1sHI6N203 requires C, 
66.16; H, 5.92; N, 10.29%); Vmax(thin film, DCM)/crn"1 3408 (OH), 1694 (Imide 
C=O); ~(400 MHz; CDCb) 2.45-2.61 (4H, m, COCH2CH2CO), 3.21-3.32 (2H, m, 
CH2C=CH), 3.84 (lH, dd, J 7.5, 2.5, CH(H)OH), 4.02-4.06 (1H, m, CH(H)OH), 4.59 
(lH, ddd, J 7.5, 5, 2.5, CHCH20H), 7.08 (lH, d, J 2.5, C=CH), 7.10-7.14 (1H, m, 
ArH), 7.16-7.20 (lH, m, ArH), 7.33 (lH, d, J 5, ArH), 7.62 (lH, d, J 5, ArH), 8.13 
(lH, br, s, NH); OH not visible; ~(100 MHz; CDCb ) 23.6 (CH2), 28.0 (2xCH2), 
55.4 (CH), 62.3 (CH2), 111.2 (CH), 111.4 (C), 118.5 (CH), 119.6 (CH), 122.1 (CH), 
122.9 (CH), 127.4 (C), 136.1 (C), 178.4 (2xC=O); MS (El) mlz 272 [M\ 12.4%] 
(Found: M+, 272.05311. C1sHI6N203 requires 272.05349). 
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(5S,11 bR)-5-(Hydroxymethyl)-2,3,5,6, 11,11 b-hexahydro-1H-pyrrolo[2, 1-a ]b-
carbolin-3-one (18) 
I 
1-[ ( 1S)-2-hydroxy-1-(1H-indol-3-ylmethyl)ethyl]tetrahydro-1H-pyrrole-2,5-dione 
(16) (0.50 g, 1.84 mmol) was dissolved in absolute ethanol (25 m!) under nitrogen at 
room temperature. The solution was cooled to 0 oc and sodium borohydride (0.70 g, 
18.4 mmol) was added with stining. 2 M HCI in absolute ethanol (0.93 m!, 1.84 
mmol) was added slowly by syringe over a 3 hour period. The solution was then 
acidified to pH 1-3 by addition of 2 M HCI in absolute ethanol over a 15 minute 
period, affording a white suspension which was stirred for an additional 20 hours at 
room temperature. The mixture was quenched by the addition of saturated aqueous 
sodium bicarbonate solution (50 m!) and extracted with dichloromethane (3 x 50 ml). 
The organic extracts were dried over anhydrous magnesium sulphate and the solvent 
removed by rotary evaporation. Crude 250 MHz 1H NMR revealed formation of the 
product as a 9:1 mixture of diastereoisomers which were purified by flash column 
chromatography over silica gel eluting with ethyl acetate (0.21 g, 45%). The major 
isomer (18) was isolated as a white solid by crystallisation from ethanol; Mp 265-269 
oc; [a]o = +144.8 (c = 0.42, EtOH), Vmax(KBr disc)/cm'1 3269 (NH), 1666 (NC=O); 
4!(400 MHz; DMSO) 1.78-1.82 (lH, m, CH(H)CH2C=O), 2.25-2.31 (lH, m, 
CH2CH(H)C=O), 2.49-2.56 (lH, m, CH2CH(H)C=O), 2.49-2.56 (1H, m, 
CH(H)CH2C=O), 2.73 (lH, dd, J 8, 4, C=CCH(H)), 2.81 (lH, d, J 16, C=CCH(H)), 
3.35-3.37 (2H, m, CH20H), 4.49 (1H, dd, J 12, 8, NCHCH20H), 4.83-4.87 (2H, m, 
C=CCH and OH), 6.95-6.99 (lH, m, Arll), 7.04-7.08 (1H, m, Arll), 7.32 (lH, d, J 8, 
Arll), 7.40 (lH, d, J 8, Arll), 11.0 (lH, br, s, NH); oc(100 MHz; DMSO) 21.1 (CH2), 
25.4 (CH2), 31.0 (CH2), 48.0 (CH), 50.7 (CH), 60.1 (CH2), 104.1 (C), 111.0 (CH), 
117.7 (CH), 118.4 (CH), 120.9 (CH), 126.7 (C), 133.4 (C), 136.1 (C), 172.6 
(NC=O);MS (El) mlz 256 [M+, 95.0%] (Found: M\ 256.12145. C1sH16N202 requires 
256.12118). 
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(SS, 11 bS)-11 b-Methyl-3-oxo-2,3 ,S,6, 1 I, 11 b-hexahydro-1H-pyrrolo[2, 1-a ]b-
carboline-S-carba1dehyde (23) 
To a solution of (SS, 11 bS)-S-(hydroxymethyl)-11 b-methyl-2,3,S,6, 11,11 b-hexahydro-
1H-pyrrolo[2,1-a]b-carbolin-3-one (14) (1.18 g, 4.37 mmol) in dimethylsulfoxide (20 
m!) was added IBX (2.43 g, 8.74 mmol) with stirring under nitrogen. After 24 hours 
the solvent was removed and the resulting solid was re-suspended in ethyl acetate 
(2SO ml), before filtering through a small pad of celite. The filtrate was washed with 
water (3 x 2SO ml), the organic phase was then dried over anhydrous magnesium 
sulphate, filtered and evaporated to dryness to yield the target compound which was 
purified by flash column chromatography over silica gel using ethyl acetate as eluent. 
The purified aldehyde was afforded as an off-white solid (LOS g, 90%); Mp 169-170 
oc; [a]o = -91.3 (c = 3.2, CHzCh); vrnax(thin film, DCM)/cm'1 328S (NH), 1719 
(CHO), 1670 (NC=O); oH(400 MHz; CDCb) 1.74 (3H, s, CH3), 2.29-2.38 (1H, m, 
CH(H)CH2CO), 2.29-2.38 (lH, m, CHzCH(H)CO), 2.4S-2.67 (1H, m, 
CH(H)CHzCO), 2.4S-2.67 (IH, m, CHzCH(H)CO), 3.0S (IH, dd, J 16, 4, 
CH(H)CHN), 3.14 (1H, dd, J 14, 4, CH(H)CHN), 3.91 (lH, dd, J 12, 4, CHCHO), 
7.11-7.18 (1H, m, ArH), 7.20-7.26 (IH, m, ArH), 7.33 (lH, d, J 8, ArH), 7.49 (IH, d, 
J8, ArH), 8.23 (1H, br, s, NH), 10.1 (lH, s, CHO); oc(100 MHz; CDCb) 20.5 (CHz), 
27.4 (CH3), 29.2 (CHz), 32.6 (CHz), 58.8 (CH), 61.1 (C), 107.5 (C), 111.1 (CH), 
118.6 (CH), 120.1 (CH), 122.6 (CH), 128.3 (C), 136.2 (C), 136.7 (C), 177.7 (NC=O), 
196.3 (RCHO); MS (El) m/z 268 [1£", 47.3%] (Found: M", 268.12124. Ct6Ht6Nz0z 
requires 268.12118). 
Experimental 120 
(11bS)-11b-Methyl-2,3,11,11b-tetrahydro-1H-pyrrolo[2,1-a]b-carbolin-3-one (25) 
[Bis(triphenylphosphine)]rhodium(I) carbonyl chloride (20) (0.64 g, 0.93 mmol) was 
added to anhydrous p-xylene (30 m!) under a nitrogen atmosphere and the mixture 
warmed to 80 oc with stirring until the rhodium complex dissolved. [5S,11bS)-11b-
methyl-oxo-2,3,5,6, 11,11 b-hexahydro-1H-pyrrolo[2, 1-a ]b-carboline-5-carbaldehyde 
(23) (0.25 g, 0.93 mmol) was added and the mixture heated at reflux under nitrogen. 
After 120 hours the solvent was evaporated and the crude material purified by flash 
column chromatography over silica gel using ethyl acetate as eluent to yield (11bS)-
11b-methyl-2,3,11,11b-tetrahydro-1H-pyrrolo[2,1-a]b-carbolin-3-one (25) (0.03 g, 
12%). In addition (0.09 g, 38%) of (11bS)-11b-methyl-2,3,5,6,11,11b-hexahydro-1H-
pyrro1o[2,1-a]b-carbolin-3-one (24) was isolated; Data for (11bS)-11b-methyl-
2,3,11, 11 b-tetrahydro-IH-pyrrolo[2,1-a]b-carbolin-3-one (25); Mp 184-186 oc; [ a]o 
= -341.8 (c = 1.1, MeOH); Vtnax(thin film, DCM)/cm-1 3215 (NH), 1685 (NC=O); 
0H(400 MHz; CDCI3) 1.40 (3H, s, CH3), 2.44-2.61 (2H, m, CHzCHzCO), 2.44-2.61 
(1H, m, CH2CH(H)CO), 2.68-2.80 (lH, m, CH2CH(H)CO), 6.34 (lH, d, J 8, 
NCH=CH), 6.74 (IH, d, J 8, NCH=CH), 7.16-7.19 (2H, m, ArH), 7.36 (1 H, d, J 8, 
ArH), 7.60 (IH, m, J 16, ArH), 8.40 (IH, br, s, NH); oc(100 MHz; CDCI3) 24.4 
(CH3), 29.7 (CH2), 32.3 (CH2), 61.0 (C), 106.4 (CH), 107.5 (C), 111.5 (CH), 115.4 
(CH), 118.5 (CH), 120.7 (CH), 122.3 (CH), 123.8 (C), 135.9 (C), 136.1 (C), 172.8 
(NC=O); MS (El) m/z 238 [M+, 3.12%] (Found: M\ 238.11021. C1sHI4NzO requires 
238.11061). 
Experimental 121 
(11 bS)-11 b-Methyl-2,3,5,6, 11,11 b-hexahydro-1H-pyrrolo[2, 1-a ]b-carbolin-3-one (24) 
(11 bS)-11 b-methyl-2,3, 11,11 b-tetrahydro-1H-pyrrolo[2, 1-a ]b-carbolin-3-one (25) 
(0.03 g, 0.13 minol) was dissolved in absolute ethanol (20 m!) and the reaction was 
purged with nitrogen. A catalytic amount of 10% palladium/charcoal was added to the 
mixture, a balloon filled with hydrogen was fitted and the system purged with 
hydrogen. The mixture was then stirred for a further 48 hours at room temperature. 
After this time, the mixture was filtered through celite and the reaction vessel washed 
with dichloromethane and poured onto the celite. The filtrate was concentrated and 
purified by flash column chromatography over silica gel with ethyl acetate to yield the 
product (0.03 g, 85%); Mp 140-142 °C; [a]o = -238.8 (c = 1' MeOH); Vmax(thin film, 
DCM)/cm-1 1683 (NC=O); 0H(400 MHz; CDCI3) 1.51 (3H, s, CH3), 2.06-2.12 (IH, m, 
CH(H)CH2CO), 2.17-2.22 (IH, m, CH(H)CH2CO), 2.34 (IH, ddd, J !6, 12, 4, 
CH(H)CO), 2.52-2.61 (IH, m, CH(H)CO), 2.69-2.81 (2H, m, CH2CH2N), 2.98-3.05 
. (IH, m, CH(H)N), 4.36-4.41 (IH, m, CH(H)N), 7.12-7.21 (2H, m, ArH), 7.34 (IH, d, 
J 12, ArH), 7.49 (IH, m, J 12, ArH), 8.22 (IH, br, s, NH); oc(IOO MHz; CDC13) 21.2 
(CH2), 25.4 (CH3), 30.7 (CH2), 32.8 (CH2), 35.0 (CH2), 59.5 (C), 106.9 (C), 111.0 
(CH), 118.6 (CH), 119.8 (CH), 122.2 (CH), 126.7 (C), 136.1 (C), 137.7 (C), 172.8 
(NC=O); MS (El) mlz 240 [M\ 22.7%] (Found: M+, 240.12621. C1sH16N20 requires 
240.12626). 
Experimental 122 
[ (SS, 11 bS)-11 b-Methyl-2,3,S,6, 11,11 b-hexahydro-1H-pyrrolo[2, 1-a ]b-carbolin-S-
yl]methanol (27) 
A solution of (SS, 11 bS)-S-(hydroxymethyl)-11 b-methyl-2,3,S,6, I!, !I b-hexahydro-
IH-pyrrolo[2,1-a]b-carbolin-3-one (14) (0.20 g, 0.74 mmol) in anhydrous toluene (IS 
m!) and dichloromethane (I 0 rnl) was stirred at room temperature under nitrogen with 
sodium bis(methoxyethoxy)aluminium hydride (0.74 m! of a 6S% solution in toluene) 
for 20 hours. The reaction mixture was quenched by careful addition of saturated 
aqueous sodium potassium tartrate (2S m!). The organic layer was separated and the 
salt extracted with dichloromethane (3 X 30 m!). The organic phases were dried with 
anhydrous sodium sulphate, filtered and the solvent removed on the rotary evaporator. 
The resulting solid was adsorbed onto silica gel and purified by flash column 
chromatography over silica gel using 8:2 dichloromethane:methanol as eluent to 
produce a light brown solid (0.13 g, 68%); Mp 103-107 °C; [a]0 = -48.1 (c = 0.27, 
CHzCh); Vmax(thin film, DCM)/cm·1 3400 (NH), 3278 (OH); 0H(2SO MHz; CDCI3) 
1.54 (3H, s, CH3), 1.58-1.66 (IH, m, CH(H)CCH3), 1.80-1.92 (IH, m, CH(H)CCH3), 
1.97-2.09 (IH, m, CH(H)CHzCCH3), 2.1S-2.2S (IH, m, CH(H)CHzCCH3), 2.S2 (IH, 
dd, J IS, S, CH(H)CHN), 2.60 (IH, dd, J IS, S, CH(H)CHN), 2.72 (IH, dd, J !6.3, 
8.8, CH(H)N), 2.9S-3.04 (IH, m, CH(H)N), 3.43-3.46 (IH, m, CHN), 3.68-3.76 (2H, 
m, CHzOH), 7.06-7.18 (2H, m, Arll), 7.32 (IH, d, J 7.S, Arll), 7.4S (IH, d, J 7.S, 
Arll), 7.9S (!H, br, s, NH); oc(IOO MHz; CDCh) 17.3 (Clh), 20.6 (CHz), 26.0 (CH3), 
36.7 (CHz), 41.9 (CH2), S3.1 (CH), 61.0 (C), 62.3 (CHz), IOS.S (C), 109.9 (CH), 
117.1 (CH), 118.4 (CH), 120.6 (CH), 12S.9 (C), 13S.l (C), 137.S (C); MS (El) m!z 
2S6.1S7 [M", 0.47%] (Found: M\ 2S6.1S790. C16HzoNzO requires 2S6.1S7S6). 
Experimental 123 
(11bS)-11 b-Methyl-2,3,5,6,11,11b-hexahydro-1H-pyrrolo[2,1-a]b-carboline (28) 
A solution of (11bS)-11b-methyl-2,3,5,6,11,11b-hexahydro-1H-pyrrolo[2,1-a]b-
carbolin-3-one (24) (0.10 g, 0.42 mmol) in anhydrous toluene (20 m!) was stirred at 
room temperature under nitrogen with sodium bis(methoxyethoxy)aluminium hydride 
(0.5 m! of a 65% solution in toluene) for 20 hours. The reaction mixture was 
quenched by careful addition of saturated aqueous sodium potassium tartrate (25 m!). 
The organic layer was separated and the salt extracted with dichloromethane (3 x 30 
m!). To the organic fraction was added water (1 00 ml) and the mixture acidified with 
2 M HCI whilst stirring. The layers were separated and the aqueous layer was washed 
with dichloromethane (3 x 30 m!). The aqueous layer was basi:fied with saturated 
sodium bicarbonate solution and extracted with dichloromethane (3 x 30 m!). The 
organic phase was dried over anhydrous sodium sulphate, filtered and the solvent 
removed on the rotary evaporator. The crude product was chromatographed over 
silica gel using ethyl acetate to yield the product as a pale yellow oil (0.06 g, 67%) 
(27% overall yield from aldehyde); [a.]o = -87.3 (c = 1.2, CHzClz); Vrnax(thin film, 
DCM)/cm-1 3372 (NH); 0H(400 MHz; CDCb) 1.52 (3H, s, CH3), 1.54-1.57 (IH, m, 
CHzCH(H)CHzN), 1.81-1.83 (lH, m, CHzCH(H)CHzN), 2.00-2.05 (lH, m, 
CH(H)CHzCH2N), 2.09-2.13 (IH, m, CH(H)CHzCHzN), 2.52-2.56 (lH, m, 
CHzCH(H)C=C), 2.83-2.94 (lH, m, CHzCH(H)C=C), 2.83-2.94 (1H, m, 
CHzCHzCH(H)N), 3.07-3.12 (IH, m, CHzCHzCH(H)N), 3.20-3.25 (2H, m, 
CHzCHzC=C), 7.00-7.10 (2H, m, Arll), 7.25 (lH, d, J 8, ArH), 7.40 (lH, d, J 8, 
ArH), 8.22 (lH, br, s, NH); oc(100 MHz; CDCb) 15.0 (CHz), 21.0 (CHz), 26.1 (CH3), 
36.8 (CHz), 41.1 (CH2), 47.9 (CHz), 60.0 (C), 105.5 (C), 109.9 (CH), 117.2 (CH), 
118.4 (CH), 120.7 (CH), 126.0 (C), 135.0 (C), 136.8 (C); MS (El) mlz 226 (M\ 
12.8%) (Found: M+, 226.14670. C1sH1sNz requires 226.14700). 
Experimental !24 
3.3 Synthesis of lndolizino[2,3-a]quinolizidines 
Methyl-5-hydroxypentanoate (44)38 
&· OH 
Concentrated HzS04 (10 drops) was added to a stirred solution ofo-valerolactone (43) 
(10.0 g, 99.9 mmol) in methanol (lOO m!). The resultant mixture was heated under 
reflux for 6 hours and then cooled in an ice/salt bath. Sodium bicarbonate (2.0 g) was 
added, stirred for I 0 minutes, filtered and the solvent removed under reduced 
pressure. This yielded a colourless oil (13.3 g, 98%), which was used without further 
purification; Vma.(thin film)/cm·1 3410 (OH), 2951, 2872 (sp3 CH), 1736 (COOCH3); 
oH(400 MHz; CDCh) 1.53-1.60 (2H, m, CHzCHzOH), 1.65-1.73 (2H, m, 
CHzCHzCHzOH), 2.34 (2H, t, J 8, CHzCOOCH3), 3.62 (2H, t, J 8, CHzOH), 3.65 
(3H, s, OCH3), 3.79 (IH, br, s, OH); oc(!OO MHz; CDCh) 21.8 (CH2), 32.4 (CHz), 
34.1 (CHz), 51.9 (CH3), 62.1 (CHz), 174.8 (C=O); MS (El) m/z 132 [M\ 2.13%] 
(Found: M+, 132.07894. C6H1203 requires 132.07865). 
Experimental 125 
Methyl-5-oxopentanoate (4Si8 
~nMe ~0 
Methyl-5-hydroxypentanoate (44) (11.9 g, 91.5 mmol) was slowly added to a 
suspension of PCC (29.6 g, 137.3 mmol) and ce!ite (29.6 g) in anhydrous 
dichloromethane (180 ml), and the resulting mixture was stirred at room temperature 
for 2 hours. The solution was decanted and the solids were washed with diethyl ether 
(3 x 100 m!). The combined organic washings were filtered through an a!umina 
column to afford Methyl-5-oxopentanoate (45) as a pale green oil (8.0 g, 68%) which 
was used without further purification; Vmax(thin film)/cm·1 2953, 2843 (sp3 CH), 1734 
(COOCH3), 1437 (sp3 CH); 0H(400 MHz; CDCh) 1.87-1.99 (2H, m, CHzCHzCHO), 
2.55 (2H, t, J 7.6, CH2CHO), 2.83 (2H, t, J 7.3, CHzCH2CHzCHO), 3.60 (3H, s, 
OCH3), 9.76 (IH, s, CHO); oc(100 MHz; CDCh) 15.3 (CHz), 30.9 (CHz), 40.8 (CHz), 
49.3 (CH3), 171.2 (C=O), 199.5 (C=O); MS (El) mlz 130 [M\ 5.48%] (Found: M'", 
130.06275. C6Hto03 requires 130.06300). 
Experimental 126 
(3S,8aS)-3-(1H-Indol-3-ylmethyl)perhydropyrido[2, 1-b] [ 1 ,3]oxazol-5-one ( 46a) 
c) 
H' o 
(2S)-2-amino-3-(1H-indol-3-yl)propan-1-ol (11) (3.0 g, 15.8 mmol) and Methyl-5-
oxopentanoate (45) (2.1 g, 15.8 mmol) were added to toluene (150 m!) and refluxed 
under Dean-Stark conditions for 48 hours. The mixture was cooled to room 
temperature and the solvent removed under reduced pressure to yield the target 
compound. Crude 250 MHz 1H NMR revealed the formation of (46) as a 5:1 mixture 
of diastereoisomers. These diastereoisomers were purified and separated by flash 
column chromatography over silica gel using ethyl acetate as eluent (2.90 g, 69%). 
Major isomer (46a) isolated as a yellow solid which was recrystallised from 
dichloromethane to yield colourless needles; Mp 152-156 °C; [a]o = -39.1 (c = 1.7, 
CHzCh) (Found: C, 71.04; H, 6.69; N, 10.27; c,6H1sNzOz requires C, 71.09; H, 6.71; 
N, 10.36%); vmax(thin film, DCM)/cm-1 3274 (NH), 1628 (NC=O); oH(400 MHz; 
CDC13) 1.43-1.57 (1H, m, CH(H)CHzCHzC=O), 1.67-1.77 (IH, m, 
CHzCH(H)CHzC=O), 1.96-2.01 (1H, m, CHzCH(H)CHzC=O), 2.24-2.28 (lH, m, 
CH(H)CHzCHzC=O), 2.41-2.45 (2H, m, CHzC=O), 2.68 (IH, dd, J 16, 8, 
CH(H)C=C), 3.67-3.76 (IH, m, CH(H)C=C), 3.67-3.76 (IH, m, CH(H)O), 4.03 (IH, 
d, J 8, CH(H)O), 4.28-4.33 (IH, m, NCHCHzO), 4.68 (IH, dd, J 12, 4, NCHOCHz), 
7.03 (IH, d, J 4, C=CHNH), 7.05-7.22 (2H, m, ArH), 7.36 (IH, d, J 8, ArH), 7.82 
(IH, d,J 8, ArH), 8.24 (IH, br, s, NH); <l"c(100 MHz; CDCh) 17.6 (CHz), 27.0 (CHz), 
28.4 (CHz), 31.1 (CHz), 56.1 (CH), 70.0 (CHz), 89.0 (CH), 111.1 (CH), 112.6 (C), 
119.4 (CH), 119.6 (CH), 122.2 (CH), 122.4 (CH), 127.7 (C), 136.2 (C), 168.1 
(NC=O); MS (El) mlz 270 [M\ 100%] (Found: M', 270.13690. c,6H1sNzOz requires 
270.13683). 
Minor isomer (46b) isolated as a pale yellow oil; [a]o = +14.3 (c = 2.0, CHzCh) 
(Found: C, 70.97; H, 6.69; N, 10.35; C16HisNzOz requires C, 71.09; H, 6.71; N, 
10.36%); Vmax(thin film, DCM)/cm"1 3279 (NH), 1628 (NC=O); 0H(400 MHz; CDCh) 
Experimental 127 
1.33-1.42 (lH, m, CH(H)CHzCHzC=O), 1.51-1.59 (lH, m, CHzCH(H)CHzC=O), 
1.80-1.88 (lH, m, CH2CH(H)CHzC=O), 2.14-2.18 (lH, m, CH(H)CH2CHzC=O), 
2.27-2.37 (lH, m, CH(H)C=O), 2.53 (IH, dd, J !6, 8, CH(H)C=O), 3.05 (!H, dd, J 
16, 8, CH(H)C=C), 3.32 (IH, dd, J !6, 4, CH(H)C=C), 3.69 (lH, dd, J 8.8, 7.2, 
CH(H)O), 4.04-4.09 (lH, m, CH(H)O), 4.46 (lH, dd, J 8, 4, NCHOCHz), 4.60-4.67 
(lH, m, NCHCH20), 7.01 (lH, d, J 4, C=CHNH), 7.10-7.14 (IH, m, ArH), 7.17-7.21 
(!H, m, ArH), 7.36 (lH, d, J 8, ArH), 7.69 (IH, d, J 8, ArH), 8.34 (IH, br, s, NH); 
oc(IOO MHz; CDCh) 14.2 (CHz), 27.6 (CHz), 28.2 (CHz), 31.4 (Qh), 54.5 (CH), 
69.7 (CHz), 87.3 (CH), 111.1 (CH), 111.2 (C), 119.2 (CH), 119.5 (CH), 122.2 (CH), 
122.6 (CH), 127.8 (C), 136.3 (C), 168.8 (NC=O); MS (El) m/z 270 [M\ 23.3%] 
(Found: M\ 270.13690. Ct6HtsNzOz requires 270.13683). 
Experimental 128 
( 6S, 12bR)-6-(Hydroxymethyl)-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-
4-one (47) 
(3S,8aS)-3-(1H-Indol-3-ylmethyl)perhydropyrido[2, 1-b ][ 1 ,3]oxazol-5-one (46a!b) 
(5:1 mixture of isomers) (1.0 g, 3.70 mmol) was dissolved in dry dichloromethane (40 
m!) under a nitrogen atmosphere. The mixture was cooled to -78 oc and 1.5 
equivalents of titanium tetrachloride (0.6 m!, 5.6 mmol) were added dropwise by 
syringe. The mixture was allowed to warm slowly to room temperature over a period 
of 20 hours. The reaction mixture was quenched with saturated ammonium chloride 
solution ( 40 m!), extracted with ethyl acetate (3 x 40 m!) and dried using anhydrous 
magnesium sulphate. The solvent was removed by rotary evaporation and crude 250 
MHz 1H NMR revealed formation of the product as a 5:2 mixture of diastereoisomers 
(0.54 g, 54%) which were separated by flash column chromatography over silica gel 
using ethyl acetate as eluent. 
Major isomer (47) isolated as a white solid which was recrystallised from absolute 
ethanol to yield the target compound as colourless block-like crystals; Mp 288-290 
°C; [a]o = +128.8 (c = 0.50, EtOH) (Found: C, 70.75; H, 6.67; N, 10.28; C16H1sN202 
requires C, 71.09; H, 6.71; N, 10.36%); Vmax(thin film, DCM)/cm"1 3277 (NH), 1618 
(NC=O); 0-!(400 MHz; DMSO) 1.52-1.62 (IH, m, CH(H)CH2CH2C=O), 1.73-1.86 
(2H, m, CH2CH2C=O), 2.26-2.43 (2H, m, CH2C=O), 2.59-2.63 (IH, m, 
CH(H)CH2CH2C=O), 2.66 (IH, ddd, J 16, 8, 4, C=CCH(H)), 2.80 (lH, d, J 16, 
C=CCH(H)), 3.35-3.37 (2H, m, CH20H), 4.65 (1H, d, J 8, NCHC=C), 4.81 (1H, t, J 
4, OH), 5.22 (IH, q, J 7.5, NCHCH20H), 6.95-6.99 (IH, m, ArH), 7.04-7.08 (IH, m, 
ArH), 7.32 (IH, d, J 8, ArH), 7.40 (IH, d, J 8, ArH), 10.09 (lH, br, s, NH); oc(100 
MHz; DMSO) 19.4 (CHz), 21.0 (CHz), 29.0 (CHz), 32.7 (CH2), 48.2 (CH), 50.6 (CH), 
60.2 (CHz), 105.1 (C), 111.4 (CH), 118.1 (CH), 118.8 (CH), 121.3 (CH), 127.1 (C), 
Experimental 129 
133.7 (C), 136.7 (C), 168.8 (NC=O); MS (El) mlz 270 [M\ 100%] (Found: M+, 
270.13626. Ct6HtsN202 requires 270.13683). 
Minor isomer (57) isolated as light brown crystalline solid, a small portion of which 
was recrystallised from absolute ethanol to give colourless crystals; Mp 246-24 7 °C; 
[a]o = +16.0 (c = 0.55, DMSO) (Found: C, 71.00; H, 6.73; N, 10.33; C16HtsN202 
requires C, 71.09; H, 6.71; N, 10.36%); Ymax(KBr disc)/cm·1 3277 (NH), 1618 
(NC=O); ~(400 MHz; DMSO) 1.58-1.72 (1H, m, CH(H)CH2C=O), 1.59-1.72 (1H, 
m, C=CCHCH(H)), 1.85-1.91 (lH, m, CH(H)CH2C=O), 2.16-2.22 (lH, m, 
CH(H)C=O), 2.43-2.56 (lH, m, C=CCHCH(H)), 2.43-2.56 (lH, m, CH(H)C=O), 
2.65-2.70 (C=CCH(H)), 3.11 (lH, dd, J 12, 6, C=CCH(H)), 3.28-3.34 (1H, m, 
CH(H)OH), 3.36-3.42 (1H, m, CH(H)OH), 4.24-4.30 (lH, m, NCHCH20H), 4.78-
4.82 (lH, m, C=CCH), 4.88 (lH, t, J 8, OH), 6.98 (lH, t, J 8, ArH), 7.05 (lH, t, J 8, 
ArH), 7.32 (1H, d, J 8, ArH), 7.42 (IH, d, J 8, ArH), 10.9 (lH, br, s, NH); t5c(100 
MHz; DMSO) 17.5 (CH2), 20.6 (CH2), 27.4 (CH2), 32.0 (CH2), 52.3 (CH), 54.7 (CH), 
61.3 (CH2), 106.0 (C), 111.2 (CH), 117.7 (CH), 118.5 (CH), 120.8 (CH), 126.7 (C), 
133.3 (C), 136.2 (C), 171.8 (NC=O); MS (El) mlz 270 [M\ 84.1 %] (Found: M+, 
270.13690. C16HtsN202 requires 270.13683). 
Experimental 130 
( 6S, 12bR)-6-(Hydroxymethyl)-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-
4-one (47} (From cyclisation of (46a/b) with 2 M HCl in absolute ethanol) 
(3S,8aS)-3-( 1H-Indol-3-ylmethyl)perhydropyrido[2, 1-b] [1 ,3]oxazol-5-one (46alb) 
(3.1 g, 11.5 mmol) was dissolved in absolute ethanol (100 m!) under a nitrogen 
atmosphere. The resulting solution was acidified to pH 1 by the addition of 2 M HCl 
in ethanol and the mixture was stirred for a further 20 hours at room temperature. 
After this time the reaction was quenched by addition of saturated aqueous sodium 
bicarbonate and extracted with ethyl acetate (3 x 150 m!). The organic fraction was 
dried over anhydrous magnesium sulphate and the solvent' removed by rotary 
evaporation to yield a light brown solid solid (3.0 g, 97%). Crude 250 MHz 1H NMR 
· revealed formation of ( 4 7) as a single diastereoisomer, which was recrystallised from 
absolute ethanol to yield the target compound as colourless block-like crystals; which 
had identical spectral properties as the major compound prepared via titanium 
tetrachloride mediated cyclisation of ( 46a/b ). 
Experimental 131 
(2R)-2-Amino-3-(IH-indol-3-yl)propan-1-ol (48) 76 
Chlorotrimethylsilane (12.4 m!, 97.9 mmol) was added to a solution of lithium 
borohydride (1.07 g, 49.0 mmol) in anhydrous tetrahydrofuran (75.0 m!) under a 
nitrogen atmosphere over the course of 2 minutes. D-tryptophan (5.0 g, 24.5 mmol) 
was added portionwise to the mixture over 5 minutes. After 24 hours stirring at room 
temperature the mixture was treated with methanol (30.0 m!), which was added 
cautiously. The methanol was evaporated and the resulting oil treated with 20% 
potassium hydroxide solution (20.0 m!). The solution was washed with ethyl acetate 
(3 x I 00 ml) and the combined organic phases dried with anhydrous magnesium 
sulphate, filtered and the solvent removed to yield a light brown oil (3.26 g, 70%) 
which required no further purification; Vmax(thin film)/cm·1 3278 (NH); 0H(250 MHz; 
DMSO) 2.57 (!H, dd, J 15.0, 7.5, CH(H)CHNH2) 2.79 (1H, dd, J 15.0, 5, 
CH(H)CHNH2) 2.93-3.03 (!H, m, CHNH2) 3.22 (1H, dd, J !0.0, 5, CH(H)OH) 3.36 
(IH, dd, J 12.5, 5, CH(H)OH) 6.93-6.99 (!H, m, ArH) 7.03-7.07 (IH, m, ArH) 7.14-
7.15 (1H, m, CHNH) 7.32-7.34 (IH, m, ArH) 7.52-7.54 (1H, m, ArH) 10.83 (!H, br, 
s, NH); oc(100 MHz; DMSO) 29.4 (CH2), 53.5 (CH), 65.7 (CH2), 111.2 (CH), 111.5 
(C), 118.0 (CH), 118.3 (CH), 120.7 (CH), 123.2 (CH), 127.5 (C), 136.1 (C); MS (EI) 
m/z !90 (M\ 6.23%); (Found: M'", 190.11068. CuH14N20 requires 190.11061). 
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(3R,8aR)-3-(1H-Indol-3-ylmethyl)perhydropyrido[2, 1-b ][ 1,3 ]oxazol-5-one ( 49) 
0~ N ,,~, ~hJ.. ~ H 0 NH 
(2R)-2-amino-3-(1H-indol-3-yl)propan-1-ol (48) (3.0 g, 0.02 mmol) and Methyl-5-
oxopentanoate (45) (2.1 g, 0.02 mmol) were added to toluene (150 m!) and refluxed 
under Dean-Stark conditions for 48 hours. The mixture was cooled to room 
temperature and the solvent removed under reduced pressure to yield the target 
compound as a 5: I mixture of diastereoisomers. These diastereoisomers were purified 
and separated by flash column chromatography over silica gel using ethyl acetate as 
eluent (2.90 g, 68%). 
Major isomer (49) isolated as a pale yellow oil; [a.]o = +15.6 (c = 2.0, CH2Clz) 
(Found: C, 70.92; H, 6.64; N, 10.29; C16H1sN202 requires C, 71.09; H, 6.71; N, 
10.36%); Vmax(thin film, DCM)/cm-1 3276 (NH), 1620 (NC=O); <5H(400 MHz; CDCI3) 
1.43-1.52 (IH, m, CH(H)CH2CH2C"'O), 1.64-1.70 (!H, m, CH2CH(H)CH2C=O), 
1.93-1.98 (IH, m, CH2CH(H)CH2C=O), 2.21-2.25 (IH, m, CH(H)CH2CH2C=O), 
2.40-2.43 (2H, m, CH2C=O), 2.66 (IH, dd, J 16, 8, CH(H)C=C), 3.62-3.73 (IH, m, 
CH(H)C=C), 3.62-3.73 (IH, m, CH(H)O), 4.01 (IH, d, J 12, CH(H)O), 4.24-4.29 
(IH, m, NCHCH20), 4.64 (IH, dd, J 8, 4, NCHOCH2), 7.0 (IH, d, J 4, Co:CHNH), 
7.08-7.19 (2H, m, AIH), 7.34 (IH, d, J 8, AIH), 7.79 (IH, d, J 8, ArH), 8.51 (IH, br, 
s, NH); <>c(IOO MHz; CDCb) 17.5 (CH2), 27.0 (CH2), 28.4 (CH2), 30.9 (CH2), 56.2 
(CH), 69.9 (CH2), 89.0 (CH), 111.1 (CH), 112.3 (C), 119.2 (CH), 119.5 (CH), 122.1 
(CH), 122.5 (CH), 127.7 (C), 136.3 (C), 168.4 (NC=O); MS (EI) mlz 270 [M\ 42.2%] 
(Found: M\ 270.13690. C16H1sN202 requires 270.13690). 
Minor isomer isolated as a pale yellow oil; [a.]o = -9.9 (c = 13.5, CH2Cb) (Found: C, 
70.86; H, 6.66; N, 10.18; C16H1sN202 requires C, 71.09; H, 6.71; N, 10.36%); 
vmax(thin film, DCM)/cm-1 3276 (NH), 1620 (NC=O); <5H(400 MHz; CDCb) 1.27-1.37 
(IH, m, CH(H)CH2CH2C=O), 1.44-1.48 (IH, m, CH2CH(H)CH2C=O), 1.75-1.80 
(IH, m, CH2CH(H)CH2C=O), 2.o7-2.11 (IH, m, CH(H)CH2CH2C=O), 2.25-2.34 
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(lH, m, CH(H)C=O), 2.51 (lH, dd, J 16, 8, CH(H)C=O), 3.03 (lH, dd, J 16, 8, 
CH(H)C=C), 3.28 (lH, dd, J 16, 4, CH(H)C=C), 3.64 (lH, dd, J8, 8, CH(H)O), 3.98-
4.03 (IH, m, CH(H)O), 4.38 (IH, dd, J 8, 4, NCHOCHz), 4.56-4.63 (lH, m, 
NCHCH20), 6.93 (lH, d, J 4, C.;CHNH), 7.04-7.08 (IH, m, ArH), 7.12-7.16 (lH, m, 
ArH), 7.32 (lH, d, J 8, ArH), 7.66 (IH, d, J 8, ArH), 9.1 (lH, br, s, NH); Jc(IOO 
MHz; CDCI)) 17.1 (CHz), 27.5 (CHz), 28.1 (CHz), 31.4 (CHz), 54.6 (CH), 69.6 (CHz), 
87.3 (CH), 110.5 (CH), 111.4 (C), 119.0 (CH), 119.3 (CH), 122.0 (CH), 123.0 (CH), 
127.8 (C), 136.5 (C), 169.2 (NC=O); MS (El) mlz 270 [M\ 42.9%] (Found: M\ 
270.13690. C16HisNzOz requires 270.13683). 
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( 6R, 12bS)-6-(Hydroxymethyl)-l ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-
4-one (50) 
~-OH 
l 0 
(3R,8aR)-3-(lH-Indol-3-ylmethyl)perhydropyrido[2, 1-b] [1 ,3]oxazol-5-one (49) (3 .1 
g, 11.5 mmol) was dissolved in absolute ethanol (100 ml) under a nitrogen 
atmosphere. The resulting solution was acidified to pH 1 by the addition of 2 M HCI 
in ethanol and the mixture was stirred for a further 20 hours at room temperature. 
After this time the reaction was quenched by addition of saturated aqueous sodium 
bicarbonate and extracted with ethyl acetate (3 x 150 ml). The organic fraction was 
dried over anhydrous magnesium sulphate and the solvent removed by rotary 
evaporation to yield a white solid (3.0 g, 97%), a portion of which was recrystallised 
from absolute ethanol to yield the target compound as colourless block-like crystals; 
Mp 280-282 oc; [a] 0 = -129.9 (c = 1.9, DMSO) (Found: C, 70.91; H, 6.68; N, 10.28; 
C16HisN202 requires C, 71.09; H, 6.71; N, 10.36%); Vmax(thin film, DCM)/cm-1 3277 
(NH), 1618 (NC=O); ~(400 MHz; DMSO) 1.53-1.63 (lH, m, CH(H)CH2CH2C=O), 
1.64-1.73 (2H, m, CH2CH2C=O), 2.26-2.42 (2H, m, CH2C=O), 2.59-2.65 (1H, m, 
CH(H)CH2CH2C=O), 2.67 (1H, ddd, J 16, 8, 4, C=CCH(H)), 2.80 (lH, d, J 16, 
C=CCH(H)), 3.36-3.40 (2H, m, CH20H), 4.64-4.66 (lH, m, NCHC=C), 4.82 (lH, t, J 
6, OH), 5.24 (IH, q, J 8, NCHCH20H), 6.95-6.99 (lH, m, ArH), 7.04-7.08 (lH, m, 
ArH), 7.32 (lH, d, J 8, ArH), 7.41 (1H, d, J 8, ArH), 10.09 (1H, br, s, NH); oc(100 
MHz; DMSO) 19.0 (CH2), 20.7 (CH2), 28.6 (CH2), 32.3 (CH2), 47.9 (CH), 50.3 (CH), 
59.9 (CH2), 104.8 (C), 111.1 (CH), 117.7 (CH), 118.5 (CH), 120.9 (CH), 126.8 (C), 
133.3 (C), 136.4 (C), 168.5 (NC=O); MS (El) m!z 270 [M'", 98.2%] (Found: M\ 
270.13690. C16HisN202 requires 270.13683). 
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( 6S, 12bS)-6-(Hydroxymethyl)-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-
4-one (57) 
( 6S, 12bR)-6-(hydroxymethyl)-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-4-
one (47) (0.5 g, 1.9 mmol) was refluxed in toluene (50 m!) in the presence of 
trifluoroacetic acid (1.4 m!, 19 mmol) for 24 hours. The solution was cooled to room 
temperature and the reaction was quenched by the addition of saturated sodium 
bicarbonate solution (50 m!). The organic phase was separated and the aqueous phase 
was extracted with ethyl acetate (3 X 50 m!). The combined organic extracts were 
dried over anhydrous magnesium sulphate and the· solvent removed on the rotary 
evaporator. Crude 400 MHz 1H NMR revealed formation of the product as a single 
diastereoisomer (0.46 g, 90%), a small portion of which was recrystallised from 
absolute ethanol to give colourless crystals; which had identical spectral properties as 
the compound prepared via titanium tetrachloride mediated cyclisation of ( 46a/b ); Mp 
246-247 °C; [et.]o = +16.0 (c = 0.55, DMSO) (Found: C, 71.00; H, 6.73; N, 10.33; 
Ct6HtsN202 requires C, 71.09; H, 6.71; N, 10.36%); Vrnax(KBr disc)/cm'1 3277 (NH), 
1618 (NC=O); M400 MHz; DMSO) 1.58-1.72 (IH, m, CH(H)CH2C=O), 1.59-1.72 
(1H, m, C=CCHCH(H)), 1.85-1.91 (1H, m, CH(H)CH2C=O), 2.16-2.22 (IH, m, 
CH(H)C=O), 2.43-2.56 (IH, m, C=CCHCH(H)), 2.43-2.56 (IH, m, CH(H)C=O), 
2.65-2.70 (C=CCH(H)), 3.11 (1H, dd, J 12, 6, C=CCH(H)), 3.28-3.34 (IH, m, 
CH(H)OH), 3.36-3.42 (1H, m, CH(H)OH), 4.24-4.30 (IH, m, NCHCH20H), 4.78-
4.82 (IH, m, C=CCH), 4.88 (IH, t, J 8, OH), 6.98 (1H, t, J 8, ArH), 7.05 (IH, t, J 8, 
AIH), 7.32 (IH, d, J 8, ArH), 7.42 (IH, d, J 8, ArH), 10.9 (IH, br, s, NH); t5c(100 
MHz; DMSO) 17.5 (Clh), 20.6 (Clh), 27.4 (CH2), 32.0 (CH2), 52.3 (CH), 54.7 (CH), 
61.3 (CH2), 106.0 (C), 111.2 (CH), 117.7 (CH), 118.5 (CH), 120.8 (CH), 126.7 (C), 
133.3 (C), 136.2 (C), 171.8 (NC=O); MS (El) mlz 270 [M\ 84.1 %] (Found: M\ 
270.13690. Ct6HtsN202 requires 270.13683). 
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3.4 Functionalisation oflndolizino[2,3-a]quinolizidine Substrates 
( 6S, 12bR)-12-(Phenylmethyl)-6-{[(phenylmethyl)oxy ]methyl} -1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2, 1-a ]b-carbolin-4-one (58) 
Sodium hydride (60% dispersion in mineral oil) (0.58 g, 14.4 mrnol) was weighed 
into a dry round bottom flask under nitrogen. The solid was washed with hexane (3 x 
10 m!) to remove the mineral oil. The sodium hydride was re-suspended in anhydrous 
dimethylformamide (15 m!) and cooled to 0 °C with an ice bath. To this mixture was . 
added a solution of (6S,l2bR)-6-(hydroxymethyl)-1,2,3,4,6,7,12,12b-
octahydropyrido[2,1-a]b-carbolin-4-one (47) (1.95 g, 7.2 mrnol) in anhydrous 
dimethylformamide (15 m!) via cannula. The resulting mixture was stirred for a 
further 30 minutes at room temperature after which time benzyl bromide (2. 7 g, 1.9 
m!, 15.8 mmol) was added. After 1 hour stirring at room temperature the reaction was 
quenched by the addition of ice water (30 m!) and extracted with diethyl ether (3 x 30 
m!). The combined ether fractions were dried with anhydrous magnesium sulphate, 
filtered and the solvent removed by rotary evaporation. The crude product was 
adsorbed onto silica gel and purified by flash column chromatography over silica gel 
eluting with 3:2 hexane:ethyl acetate to give the target compound as a pale yellow 
foam (2.9 g, 90%); Mplll-114 °C; [a.]o = +95.8 (c = 2.0, CH2Ch); Vmax(thin film, 
DCM)/cm-1 1635 (NC=O); ~(400 MHz; CDCh) 1.40-1.46 (lH, m, 
CH(H)CH2CHzC=O), 1.65-1.73 (2H, m, CH2CH2C=O), 2.26-2.43 (lH, m, 
CH(H)CH2CH2C=O), 2.26-2.43 (2H, m, CH2C=O), 2.80 (lH, ddd, J 16, 8, 4, 
C=CCH(H)), 2-94 (lH, d, J 16, C=CCH(H)), 3.19-3.29 (2H, m, CH20Bn), 4.36 (2H, 
s, OCH2Ph), 4.50 (lH, d, J 12, NCHC=C), 5.33 (lH, d, J20, NCH(H)Ph), 5.43 (IH, 
m, NCHCH20Bn), 5.53 (lH, d, J20, NCH(H)Ph), 6.83-6.85 (2H, m, ArH), 7.04-7.12 
(2H, m, ArH), 7.13-7.24 (8H, m, ArH), 7.26-7.28 (lH, m, ArH), 7.51-7.53 (lH, m, 
ArH); gc(lOO MHz; CDCh) 18.6 (CH2), 21.5 (CH2), 29.7 (CH2), 31.4 (CH2), 45.2 
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(CH), 46.7 (CH2), 50.5 (CH), 67.7 (CH2), 71.6 (CH2), 106.3 (C), 110.1 (CH), 118.0 
(CH), 119.2 (CH), 121.5 (CH), 125.7 (2xCH), 126.5 (C), 126.9 (CH), 127.0 (2xCH), 
127.2 (CH), 128.0 (2xCH), 128.5 (2xCH), 134.0 (C), 137.8 (C), 138.0 (C), 138.4 (C), 
169.2 (NC=O); MS (EI) mlz 450 [M'", 44.2%] (Found: M'", 450.23060. C3oH3oN202 
requires 450.23073). 
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( 6S, 12bR)-12-(Phenylmethyl)-6-{[ (phenylmethyl)oxy]methyl }-1 ,4,6, 7, 12, 12b-
hexahydropyrido[2, 1-a ]b-carbolin-4-one (60) 
To a stirred solution of diisopropylamine (0.42 g, 0.59 m!, 4.2 mrnol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (1.70 
m!, 4.2 mrnol) dropwise at 0 oc under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 oc and then cooled to -78 oc whereupon a solution of(6S,12bR)-12-
(phenylmethyl)-6-{[ (phenylmethyl)oxy]methyl }-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-4-one (58) (1.89 g, 4.2 mrnol) m anhydrous· 
tetrahydrofuran ( 15 m!) was added via cannula. The resulting mixture was stirred for a 
further 1 hour at -78 °C after which time phenylselenenylbromide (1.1 g, 4.6 mrnol) in 
anhydrous tetrahydrofuran (10 m!) was added dropwise via syringe. The reaction was 
allowed to warm slowly from -78 oc to room temperature with stining. After 24 
hours the reaction was quenched by the addition of saturated aqueous ammonium 
chloride solution (40 m!) and extracted with diethyl ether (3 x 50 m!). The combined 
ether extracts were washed with saturated aqueous ammonium chloride solution (1 00 
m!), dried with anhydrous sodium sulphate. The solvent was removed by rotary 
evaporation to yield the crude selenide (59) (2.5 g), which was used without further 
purification. 
The crude se!enide (59) (2.5 g) was dissolved in methanol (220 m!) and water ( 45 m!). 
To the resulting solution was added sodium metaperiodate (2.4 g, 9.7 mmol) and 
sodium bicarbonate (0.42 g, 5.0 mmol) and the solution was stirred vigorously at 
room temperature for 18 hours. After this time the reaction was poured into a mixture 
of saturated aqueous sodium bicarbonate solution (200 m!) and diethyl ether (250 m!). 
The ether layer was washed with water (200 m!), then brine (200 m!) and dried over 
anhydrous magnesium sulphate. The solvent was removed by rotary evaporation and 
the crude product was adsorbed onto silica gel and purified by flash column 
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chromatography over silica gel eluting with 3:2 hexane:ethyl acetate to give the target 
compound as a pale yellow foam (1.6 g, 85%); Mp 76-78 oc; [a]o = +195.1 (c = 1.5, 
CHzCh); vmax(thin film, DCM)/cm-1 1662 (NC=O); 41(400 MHz; CDCh) 2.21-2.30 
(lH, m, CH(H)CH=CHC=O), 2.52-2.59 (IH, m, CH(H)CH=CHC=O), 3.02 (1H, ddd, 
J 16, 8, 4, CH(H)CHN), 3.15 (1H, d, J 16, CH(H)CHN), 3.30-3.38 (2H, m, CH20Bn), 
4.45 (2H, s, OCH2Ph), 4.59-4.63 (IH, m, C=CCH), 5.23 (2H, dd, J 36, 16, NCH2Ph), 
5.42-5.46 (IH, m, NCHCHzOBn), 6.06 (IH, dd, J8, 4, CH=CHC=O), 6.49-6.50 (1H, 
m, CH=CHC=O), 6.83-6.85 (2H, m, ArH), 7.14-7.23 (llH, m, ArH), 7.60-7.62 (IH, 
m, ArH); oc(100 MHz; CDCh) 21.9 (CHz), 32.0 (CHz), 47.3 (CH), 48.3 (CHz), 49.8 
(CH), 68.0 (CH2), 72.5 (CH2), 107.6 (C), 109.8 (CH), 118.7 (CH), 119.9 (CH), 122.3 
(CH), 125.6 (2xCH), 125.9 (CH), 127.0 (C), 127.3 (2xCH), 127.3 (CH), 127.5 (CH), 
128.2 (2xCH), 128.9 (2xCH), 132.6 (C), 137.0 (C), 138.1 (C), 138.2 (C), 138.2 (CH), 
164.9 (NC=O); MS (El) mlz 448 [M\ 100.0%] (Found: M\ 448.21406. C3oHzsNz02 
requires 448.21507). 
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( 6S, 12bR)-6-(Hydroxymethyl)-12-(phenylmethyl)-l ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2, l-a ]b-carbolin-4-one (61) 
· Sodium hydride (60% dispersion in mineral oil) (0.15 g, 3.7 mmol) was weighed into 
a dry round bottom flask under nitrogen. The solid was washed with hexane (3 xlO 
ml) to remove the mineral oil. The sodium hydride was re-suspended in anhydrous 
dimethylformamide (15 ml) and cooled to 0 °C with an ice bath. To this mixture was 
added a solution of (6S,l2bR)-6-(hydroxymethyl)-1,2,3,4,6,7,12,12b-
octahydropyrido[2,1-a]b-carbolin-4-one (47) (1.0 g, 3.7 mmol) in anhydrous 
dimethylformamide (15 ml) via cannula. The resulting mixture was stirred for a 
further 30 minutes at room temperature after which time benzyl bromide (0.7 g, 0.5 
m!, 4.1 mmol) was added. After 1 hour stirring at room temperature the reaction was 
quenched by the addition of ice water (30 m!) and extracted with diethyl ether (3 x 30 
m!). The combined ether fractions were dried with anhydrous magnesium sulphate, 
filtered and the solvent removed by rotary evaporation. The crude product was 
adsorbed onto silica gel and purified by flash column chromatography over silica gel 
eluting with ethyl acetate to give the target compound as a white powder (1.1 g, 83%); 
Mp 231-233 °C; [a]o = +140.8 (c = 1.31, CH2Ch); Vmax(thin film, DCM)/cm"1 3406 
(OH), 1615 (NC=O); ~(400 MHz; CDC!3) 1.56-1.66 (lH, m, C=CCHCH(H)), 1.77-
1.88 (2H, m, CHzCH2C=O), 2.32-2.38 (lH, m, C=CCHCH(H)), 2.42-2.51 (IH, m, 
CH(H)C=O), 2.54-2.60 (lH, m, CH(H)C=O), 2.86 (IH, d, J 16, C=CCH(H)), 3.01 
(IH, ddd, J 16, 8,4, C=CCH(H)), 3.47 (IH, t, J 12, CH(H)OH), 3.59 (lH, dd, J 8, 4, 
CH(H)OH), 4.60-4.62 (lH, m, C=CCH), S.32 (2H, dd, J 48, 20, NCHzPh), 5.46-5.52 
(IH, m, NCHCH20H), 6.94-6.96 (2H, m, ArH), 7.13-7.18 (3H, m, ArH), 7.26-7.31 
(3H, m, ArH), 7.53-7.56 (lH, m, ArH); oc(!OO MHz; CDCh) 19.3 (CH2), 21.8 (CHz), 
30.5 (CHz), 31.9 (CHz), 47.7 (CHz), 49.1 (CH), 51.1 (CH), 62.8 (CHz), 107.5 (C), 
109.9 (CH), 118.4 (CH), 119.9 (CH), 122.3 (CH), 125.7 (2xCH), 126.8 (C), 127.6 
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(CH), 128.9 (2xCH), 133.0 (C), 137.2 (C), 138.3 (C), 172.2 (NC=O); MS (El) m/z 
360 [M+, 100%] (Found: M\ 360.18397. Cz3H24Nz02 requires 360.18378). 
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(2S,6S, 12bR)-2-( 1 ,3-Dithian-2-y1)-12-(phenylmethyl)-6-
{[ (phenylmethyl)oxy ]methyl} -1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-
4-one (62a) 
s 
s~ 
To a solution of 1 ,3-dithiane (0.05 g, 0.40 mmol) in anhydrous tetrahydrofuran (8.0 
m!) at -78 °C under a nitrogen atmosphere was added n-butyllithium (2.5 M solution 
in hexanes) (0.16 m!, 0.4 mmol) dropwise. The resulting pale yellow solution was 
stirred for a further 30 minutes at -78 °C after which time a solution of (6S,12bR)-12-
(phenylmethyl)-6- {[(phenylmethyl)oxy]methy1 }-1 ,4,6, 7, 12, 12b-hexahydropyrido[2, 1-
a]b-carbolin-4-one (60) (0.15 g, 0.33 mmo1) in anhydrous tetrahydrofuran (5.0 m!) 
was added via cannula at -78 °C. The resulting mixture was allowed to warm slowly 
(overnight) to room temperature. The reaction was quenched by the addition of water 
(15 m!) and extracted with diethyl ether (3 X 15 m!). The organic extracts were dried 
over anhydrous magnesium sulphate and the solvent removed on the rotary 
evaporator. Crude 250 MHz 1H NMR revealed the fonnation of the product as a 
single diastereoisomer. The crude product was adsorbed onto silica gel and purified 
by flash column chromatography over silica gel eluting with 3:2 hexane:ethyl acetate 
yielding the product as a pale yellow oil (0.1 g, 52%); [a]0 = +44.7 (c = 0.6, CH2Ch); 
Vmax(thin film, DCM)/cm·1 1652 (NC=O); ~(400 MHz; CDCh) 1.67-1.76 (IH, m, 
C=CCHCH(H)), 1.78-1.86 (IH, m, CH(H)C=O), 2.02-2.08 (IH, m, CH(H)C=O), 
2.28-2.34 (1H, m, CHCHS), 2.45-2.50 (IH, m, C=CCHCH(H)), 2.56-2.85 (6H, m, 
S(CH2)3S), 2.99-3.00 (2H, m, C=CCH2), 3.29-3.39 (2H, m, CHzOBn), 3.97 (IH, d, J 
8, SCHS), 4.45 (2H, dd, J 24, 12, OCH2Ph), 4.63-4.66 (1H, m, C=CCH), 5.41 (2H, 
dd, J 40, 16, NCH2Ph), 5.51-5.57 (1H, m, NCHCH20Bn), 6.84-6.86 (2H, m, Arll), 
7.14-7.15 (11H, m, Arll), 7.56-7.59 (1H, m, Arll); oc(100 MHz; CDCh) 22.0 (CH2), 
26.2 (CH2), 30.5 (CH2), 30.6 (CH2), 34.1 (CH2), 34.5 (CH), 35.3 (CH2), 46.7 (CH), 
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47.7 (CHz), 48.5 (CH), 52.6 (CH), 69.0 (CHz), 73.0 (CHz), 107.8 (C), 110.2 (CH), 
118.9 (CH), 120.2 (CH), 122.6 (CH), 126.1 (2xCH), 127.5 (C), 127.7 (CH), 127.8 
(2xCH), 127.8 (CH), 128.7 (2xCH), 129.1 (2xCH), 133.4 (C), 137.9 (C), 138.7 
(2xC), 170.6 (NC=O); MS (El) mlz 568 [M+, 37.2%] (Found: M+, 568.22078. 
C34H3.,NzOzSz requires 568.22182). 
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Diethyl2-( (2S,6S, 12bR)-4-oxo-12-(phenylmethyl)-6-{[ (phenylmethyl)oxy]methyl }-
1 ,2,3 ,4,6,7 ,12, 12b-octahydropyrido[2,1-a ]b-carbolin-2-yl)propanedioate (62 b) 
I 
To a pre-dried round bottom flask under nitrogen was added absolute ethanol (5.0 
m!). Sodium metal (0.05 g, 2.2 mmol) was added portionwise to the ethanol at room 
temperature with stirring. When all the sodium metal had dissolved, diethylmalonate 
(0.32 g, 0.30 m!, 2.0 mmol) was added to the sodium ethoxide solution dropwise via 
syringe. The resulting solution was stirred at room temperature for 10 minutes and 
then cooled to 0 oc in an ice bath. To the sodiomalonate solution .was added 
( 6S, 12bR)-12-(phenylmethyl)-6-{[(phenylmethyl)oxy]methyl }-1 ,4,6, 7, 12, 12b-
hexahydropyrido[2,1-a]b-carbolin-4-one (60) (0.30 g, 0.67 mmol) in absolute ethanol 
(5.0 m!) dropwise via syringe at 0 oc and the mixture was allowed to warm slowly 
(overnight) to room temperature. After this time the reaction was quenched with water 
(20 m!) and extracted with diethyl ether (3 X 20 m!). The organic extracts were dried 
over anhydrous magnesium sulphate and the solvent ·removed on the rotary 
evaporator. Crude 250 MHz 1H NMR revealed the formation of the product as a 
single diastereoisomer. The crude product was adsorbed onto silica gel and purified 
by flash column chromatography over silica gel eluting with 3:2 hexane:ethyl acetate 
to give the target compound as a yellow oil (0.08 g, 20%); [a) 0 = +62.4 (c = 2.0, 
· CH2Clz); vmax(thin film, DCM)/cm-1 1746 (Malonate C=O), 1667 (NC=O); 4!(400 
MHz; CDCI)) 1.17-1.24 (6H, m, 2 x OCH2CH3), 1.80-1.88 (lH, m, C=CCHCH(H)), 
2.19-2.25 (IH, m, C=CCHCH(H)), 2.47 (lH, dd, J 16, 12, CH(H)C=O), 2.58 (lH, dd, 
J 16, 8, CH(H)C=O), 2.63-2.73 (1H, m, CHCH(C02Et)2), 2.95-3.00 (lH, m, 
C=CCH(H)), 3.06 (IH, d, J 16, C=CCH(H)), 3.26-3.36 (2H, m, CH20Bn), 3.38 (IH, 
d, J 8, CH(C02Et)2), 4.12 (4H, q, J 8, 2 x OCH2CH3), 4.39-4.47 (2H, m, OCH2Ph), 
4.72-4.75 (lH, m, C=CCH), 5.32 (2H, dd, J 44, 16, NCH2Ph), 5.43-5.48 (1H, m, 
NCHCH20Bn), 6.84-6.86 (2H, m, ArH), 7.14-7.23 (llH, m, ArH), 7.57-7.59 (IH, m, 
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ArH); c5c(100 MHz; CDCh) 14.0 (2xCHJ), 21.5 (CHz), 29.5 (CH), 33.8 (CHz), 35.8 
(CHz), 46.7 (CH), 46.9 (CHz), 47.8 (CH), 55.1 (CH), 61.6 (CHz), 61.7 (CHz), 68.4 
(CHz), 72.6 (CHz), 107.3 (C), 109.9 (CH), 118.5 (CH), 119.8 (CH), 122.1 (CH), 125.6 
(2xCH), 127.0 (C), 127.3 (CH), 127.4 (2xCH), 127.4 (CH), 128.2 (2xCH), 128.7 
(2xCH), 132.8 (C), 137.5 (C), 138.1 (C), 138.2 (C), 167.8 (Malonate C=O), 168.1 
(Malonate C=O), 170.4 (NC=O); MS (El) mlz 608 [M\ 83.1 %] (Found: M\ 
608.28769. C37H4oNz06 requires 608.28864). 
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(2S,6S, 12bR)-2-Eth-1-enyl-12-(phenylmethyl)-6-{[ (phenylmethyl)oxy]methyl}-
1 ,2,3,4,6,7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-4-one (62c) 
A 1.0 M solution ofvinylmagnesium bromide in tetrahydrofuran (6.7 m!, 6.7 mmol) 
was added to a suspension of copper cyanide (0.30 g, 3.4 mmol) in anhydrous 
tetrahydrofuran (12.0 m!) at -78 oc with stirring. The reaction mixture was warmed to 
0 oc for 3 minutes and then re-cooled to -78 °C. A solution of (6S,l2bR)-12-
(phenylmethyl)-6- {[ (phenylmethyl)oxy ]methyl} -1 ,4,6,7 ,12,12b-hexahydropyrido[2,1-
a]b-carbolin-4-one (60) (0.30 g, 0.67 mmol) in anhydrous tetrahydrofuran (8;0 ml) 
was added via cannula at -78 °C. After a further 5 minutes chlorotrimethylsilane 
(0.43 ml, 3.4 mmol) was added and the resulting suspension was warmed slowly 
(overnight) to room temperature. After this time a mixture of saturated aqueous 
ammonium chloride solution (1 0.0 m!) and water (1 0.0 m!) was added and stirring 
continued for 20 minutes. A 1.0 M solution of tetrabutylammonium fluoride in 
tetrahydrofuran (2.0 ml) was added and stirring continued for a further 15 minutes. 
The organic phase was separated and the aqueous phase extracted with ethyl acetate 
(3 x 40 m!). The combined organic extracts were dried over anhydrous magnesium 
sulphate and the solvent removed on the rotary evaporator. Crude 250 MHz 1H NMR 
revealed the formation of the product as a single diastereoisomer. The crude product 
was adsorbed onto silica gel and purified by flash column chromatography over silica 
gel eluting with 3:1 hexane:ethyl acetate to give the target compound as a pale yellow 
solid (0.21 g, 65%); Mp 148-151 °C; [a]o = +37.8 (c = 2.0, CHzCh); Vmax(thin film, 
DCM)/cm·1 3080 (Vinyl CH), 1615 (NC=O), 1642 (Vinyl CH2=CH); 4!(400 MHz; 
CDC!3) 1.82-1.90 (lH, m, C=CCHCH(H)), 2.16-2.27 (lH, m, C=;CCHCH(H)), 2.47-
2.53 (lH, m, CH(H)C=O), 2.59 (lH, d, J 8, CH(H)C=O), 2.63-2.66 (lH, m, 
CHCH=CH2), 2.90 (lH, d, J 16, C=CCH(H)), 3.01 (lH, dd, J 16, 8, 4, C=CCH(H)), 
3.31 (2H, d, J 8, CH20Bn), 4.37-4.43 (2H, m, OCH2Ph), 4.47-4.51 (1H, m, C=CCH), 
4.97-5.02 (2H, m, CH=CH2), 5.17 (lH, d, J 16, NCH(H)Ph), 5.24 (lH, d, J 16, 
Experimental 147 
NCH(H)Ph), 5.62-5.66 (1H, m, NCHCHzOBn), 5.69-5.77 (lH, m, CH=CHz), 6.87-
6.89 (2H, m, Arll), 7.13-7.25 (11H, m, Arll), 7.55-7.57 (1H, m, Arll); oc(100 MHz; 
CDCh) 22.4 (CHz), 33.1 (CH), 35.3 (CHz), 36.5 (CH2), 46.5 (CH), 47.9 (CH), 48.2 
( CHz), 68.7 ( CHz), 73.0 ( CHz), 108.6 (C), 110.1 (CH), 116.1 ( CHz), 118.8 (CH), 
120.3 (CH), 122.6 (CH), 126.2 (2xCH), 127.4 (C), 127.9 (CH), 127.9 (2xCH), 128.0 
(CH), 128.6 (2xCH), 129.3 (2xCH), 133.7 (C), 137.6 (C), 138.6 (C), 138.8 (C), 139.5 
(CH), 170.5 (NC=O); MS (El) m/z 476 [M+, 70.7%] (Found: M+, 476.24597. 
C32H32NzOz requires 476.24638). 
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( 6S, 12bS)-12-(Phenylmethyl)-6-{[ (phenylmethyl)oxy]methyl }-1 ,2,3 ,4,6,7, 12, 12b-
octahydropyrido[2, 1-a ]b-carbolin-4-one (63) 
Sodium hydride (60% dispersion in mineral oil) (0.24 g, 6.0 mmol) was weighed into 
a dry round bottom flask under nitrogen. The solid was washed with hexane (3 x10 
m!) to remove the mineral oil. The sodium hydride was re-suspended in anhydrous 
· dimethylformamide (15 m!) and cooled to 0 °C with an ice bath. To this mixture was 
added a solution of (6S,12bS)-6-(hydroxymethyl)-1,2,3,4,6,7,12,12b-
octahydropyrido[2,1-a]b-carbolin-4-one (57) (0.80 g, 3.0 mmol) in anhydrous 
dimethylformamide (15 m!) via cannula. The resulting mixture was stirred for a 
further 30 minutes at room temperature after which time benzyl bromide (1.1 g, 0.80 
m!, 6.6 mmol) was added. After 2 hours stirring at room temperature the reaction was 
quenched by the addition of ice water (30 m!) and extracted with diethyl ether (3 x 30 
ml). The combined ether fractions were dried with anhydrous magnesium sulphate, 
filtered and the solvent removed by rotary evaporation. The crude product was 
adsorbed onto silica gel and purified by flash column chromatography over silica gel 
eluting with 3:2 hexane:ethyl acetate to give the target compound as a clear oil (0.9 g, 
70%); [a]o = +80.0 (c = 0.5, CHzCh); Vmax(thin film, DCM)/cm"1 1653 (NC=O); 
41(400 MHz; CDC!3) 1.62-1.75 (IH, m, CH(H)CHzC=O), 1.62-1.75 (IH, m, 
C=CCHCH(H)), 1.85-1.92 (IH, m, CH(H)CH2C=O), 2.31-2.36 (IH, m, 
C=CCHCH(H)), 2.43-2.57 (2H, m, CH2C=O), 3.07 (IH, ddd, J 16, 8, 4, C=CCH(H)), 
3.30 (1H, dd, J 16, 4, C=CCH(H)), 3.74 (IH, dd, J 12, 4, CH(H)OBn), 3.82-3.86 (IH, 
m, CH(H)OBn), 4.62 (2H, s, OCHzPh), 4.65-4.69 (1H, m, C=CCH), 4.82-4.88 (IH, 
m, NCHCHzOBn), 5.40 (2H, dd, J 40, 20, NCHzPh), 7.00-7.02 (2H, m, ArH), 7.23-
7.25 (3H, m, ArH), 7.30-7.40 (8H, m, ArH), 7.65-7.67 (IH, m, ArH); c:lc(100 MHz; 
CDCh) 17.9 (CHz), 22.1 (CHz), 28.8 (CHz), 32.1 (CHz), 47.9 (CHz), 51.3 (CH), 52.6 
(CH), 71.1 (CH2), 72.7 (CHz), 108.9 (C), 109.4 (CH), 118.4 (CH), 119.7 (CH), 122.1 
(CH), 125.6 (2xCH), 126.6 (C), 127.3 (CH), 127.4 (CH), 127.4 (2xCH), 128.1 
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(2xCH), 128.8 (2xCH), 134.6 (C), 137.1 (C), 138.2 (C), 138.3 (C), 173.6 (NC=O); 
MS (El) mlz 450 [M+, 21.7%] (Found: M+, 450.23114. C3oH3oN202 requires 
450.23073). 
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( 6S, 12bS)-12-(Phenylmethyl)-6-{[ (phenylmethyl)oxy]methyl} -1 ,4,6, 7, 12, 12b-
hexahydropyrido[2, 1-a ]b-carbolin-4-one (65) 
I 
To a stirred solution of diisopropylamine (0.16 g, 0.23 rnl, 1.6 mmol) in anhydrous 
tetrahydrofuran (5.0 m!) was added n-butyllithium (2.5 M solution in hexanes) (0. 7 
m!, 1.6 mmol) dropwise at 0 °C under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 °C and then cooled to -78 °C whereupon a solution of ( 6S, 12bS)-12-
(phenylmethyl)-6-{[(phenylmethyl)oxy]methyl} -1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-4-one (63) (0.70 g, 1.6 mmol) ·m anhydrous 
tetrahydrofuran (1 0 m!) was added via cannula. The resulting mixture was stirred for a 
further 1 hour at -78 oc after which time phenylselenenylbromide (0.42 g, 1.8 mmol) 
in anhydrous tetrahydrofuran (6.0 m!) was added dropwise via syringe. The reaction 
was allowed to warm slowly from -78 oc to room temperature with stirring. After 24 
hours the reaction was quenched by the addition of saturated aqueous ammonium 
chloride solution ( 40 m!) and extracted with diethyl ether (3 x 50 ml). The combined 
ether extracts were washed with saturated aqueous ammonium chloride solution ( 100 
rnl), dried with anhydrous sodium sulphate. The solvent was removed by rotary 
evaporation to yield the crude selenide (64) (1.0 g), which was used without further 
purification. 
The crude selenide (64) (1.0 g) was dissolved in methanol (1 00 ml) and water (20 ml). 
To the resulting solution was added sodium metaperiodate (1.0 g, 3.7 mmol) and 
sodium bicarbonate (0.16 g, 1.9 mmol) and the solution was stirred vigorously at 
room temperature for 18 hours. After this time the reaction was poured into a mixture 
of saturated aqueous sodium bicarbonate solution (200 ml) and diethyl ether (250 rnl). 
The ether layer was washed with water (200 m!), then brine (200 ml) and dried over 
anhydrous magnesium sulphate. The solvent was removed by rotary evaporation and 
the crude product was adsorbed onto silica gel and purified by flash column 
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chromatography over silica gel eluting with 3:2 hexane:ethyl acetate to give the target 
compound as a pale yellow oil (0.5 g, 70%); [a]o = -76 (c = 1.0, CHzCh); Vmax(thin 
film, DCM)/cm-1 1678 (NC=O); ~(400 MHz; CDCb) 2.06-2.15 (IH, m, 
CH(H)CH=CH), 2.46-2.53 (lH, m, CH(H)CH=CH), 2_89 (IH, ddd, J 16, 8, 4, 
C=CCH(H)), 3.21-3.25 (IH, m, C=CCH(H)), 3.40 (2H, d, J 8, CH20Bn), 4.40 (2H, 
dd, J 16, 12, OCHzPh), 4_70-4.74 (IH, m, C=CCH), 5.07-5.12 (IH, m, 
NCHCHzOBn), 5.23 (2H, s, NCH2Ph), 5.96 (IH, dd, J 8, 4, CH=CHC=O), 6.36-6.40 
(IH, m, CH=CHC=O), 6.80-6.81 (2H, m, ArH), 7.06-7.20 (11H, m, ArH), 7.50-7.53 
(IH, m, ArH); 8c(IOO MHz; CDCb) 21.3 (Cl-h), 30.9 (CHz), 48.0 (CHz), 49.0 (CH), 
52.0 (CH), 71.3 (CHz), 72.6 (CHz), 108.5 (C), 109.4 (CH), 118.5 (CH), 119.9 (CH), 
122.4 (CH), 125.4 (2xCH), 126.5 (C), 126.7 (CH), 127.3 (CH), 121-3 (2xCH), 127.5 
(CH), 128.1 (2xCH), 128.9 (2xCH), 130.8 (C), 137.2 (C), 138.2 (C), 138.5 (C), 139.8 
(CH), 166.0 (NC=O); MS (El) mlz 448 [M\ 21.9%] (Found: ~. 448.21473. 
C3oHzsNzOz requires 448.21508). 
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(2R,6S, 12bS)-2-Eth-1-enyl-12-(phenylmethyl)-6- {[ (phenylmethyl)oxy ]methyl}-
1 ,2,3 ,4,6,7 ,12, 12b-octahydropyrido[2, 1-a ]b-carbolin-4-one (66a) 
A 1.0 M solution ofvinylmagnesium bromide in tetrahydrofuran (6.7 m!, 6.7 mmol) 
was added to a suspension of copper cyanide (030 g, 3.4 mmol) in anhydrous 
tetrahydrofuran (12.0 ml) at -78 oc with stirring. The reaction mixture was warmed to 
0 °C for 3 minutes and then re-cooled to -78 °C. A solution of (6S,l2bS)-12-
(phenylmethyl)-6-{[ (phenylmethyl)oxy]methyl }-1 ,4,6, 7, 12, 12b-hexahydropyrido[2, l-
a ]b-carbolin-4-one (65) (0.30 g, 0.67 mmol) in anhydrous tetrahydrofuran (8.0 m!) 
was added via cannula at -78 °C. After a further 5 minutes chlorotrimethylsilane 
(0.43 m!, 3.4 mmol) was added and the resulting suspension was warmed slowly 
(overnight) to room temperature. After this time a mixture of saturated aqueous 
ammonium chloride solution (10.0 ml) and water (10.0 m!) was added and stirring 
continued for 20 minutes. A 1.0 M solution of tetrabutylammonium fluoride in 
tetrahydrofuran (2.0 m!) was added and stirring continued for a further 15 minutes. 
The organic phase was separated and the aqueous phase extracted with ethyl acetate 
(3 x 40 m!). The combined organic extracts were dried over anhydrous magnesium 
sulphate and the solvent removed on the rotary evaporator. Crude 250 MHz 1H NMR 
revealed the formation of the product as a single diastereoisomer. The crude product 
was adsorbed onto silica gel and purified by flash column chromatography over silica 
gel eluting with 3:1 hexane:ethyl acetate to give the target compound as a yellow oil 
. (0.17 g, 53%); [a.]o = +4.0 (c = 2.0, CH2Ch); Vmax(thin film, DCM)/cm"1 3059 (Vinyl 
CH), 1653 (NC=O), 1669 (Vinyl CH2=CH); 4!(400 MHz; CDCh) 1.84-1.93 (2H, m, 
C=CCHCH2), 2.25 (lH, dd, J 16, 12, CH(H)C=O), 2.33-2.44 (2H, m, CH(H)C=O + 
CHCH=CH2), 2.86-2.91 (IH, m, C=CCH(H)), 3.13 (IH, dd, J 16, 4, C=CCH(H)), 
3.62 (IH, dd, J 12, 8, CH(H)OBn), 3.71 (lH, dd, J 8, 8, CH(H)OBn), 4.45 (2H, dd, J 
12, 8, OCH2Ph), 4.54-4.59 (2H, m, C=CCH + NCHCH20Bn), 4.80 (2H, dd, J 34, 14, 
CH=CH2), 5.24 (2H, dd, J 36, 16, NCH2Ph), 5.43-5.52 (IH, m, CH=CH2), 6.85-6.87 
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(2H, m, AIH), 7.04-7.20 (IIH, m, AIH), 7.48-7.50 (IH, m, AIH); oc(!OO MHz; 
CDCh) 22.4 (Cl:h), 33.9 (CH), 34.6 (CHz), 38.0 (CHz), 48.1 (CHz), 52.3 (CH), 52.4 
(CH), 71.4 (CHz), 72.9 (CHz), 109.4 (CH), 110.0 (C), 114.1 (CH2), 118.5 {CH), 119.8 
(CH), 122.3 (CH), 125.7 (2xCH), 126.6 (C), 127.4 (CH), 127.5 (2xCH), 127.5 (CH), 
128.2 (2xCH), 128.9 (2xCH), 132.4 (C), 137.1 (C), 138.3 {C), 138.5 (C), 140.2 (CH), 
173.0 (NC=O); MS (El) mlz 476 [M\ 40.8%] (Found: M\ 476.24597. C32H32N202 
requires 476.24638). 
Experimental !54 
Ethyl-2-(2R,6S, 12bS)-4-oxo-12-(phenylmeth yl)-6-{ [ (pheny!methyl)oxy ]methyl}-
I ,2,3 ,4,6,7 ,12, 12b-octahydropyrido[2, 1-a ]b-carbolin-2-yl)-1 ,3-dithiolane-2-
carboxylate ( 66b) 
To a stirred solution of diisopropylamine (0.21 g, 0.30 m!, 1.78 mmol) in anhydrous 
tetrahydrofuran (5.0 m!) was added n-butyllithium (2.5 M solution in hexanes) (0.70 
m!, 1. 78 mmol) dropwise at 0 °C under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 °C and then cooled to -78 oc whereupon ethyl 1,3-dithiolane-2-
carboxylate (0.37 g, 0.30 m!, 1.78 mmol) was added by syringe and stirring continued 
for a further 15 minutes. After this time a solution of ( 6S,12bS)-12-(phenylmethyl)-6-
{[ (phenylmethyl)oxy ]methyl} -1 ,4,6, 7, 12, 12b-hexahydropyrido[2, 1-a ]b-carbolin-4-
one (65) (0.40 g, 0.89 mmol) in anhydrous tetrahydrofuran (10.0 m!) was added via 
cannula at -78 °C. The resulting mixture was allowed to warm slowly (overnight) to 
room temperature. The reaction was quenched by the addition of water (25 m!) and 
extracted with ethyl acetate (3 x 25 m!). The organic extracts were dried over 
anhydrous magnesium sulphate and the solvent removed on the rotary evaporator. 
Crude 250 MHz 1H NMR revealed the formation of the product as a single 
diastereoisomer. The crude product was adsorbed onto silica gel and purified by flash 
column chromatography over silica gel eluting with 3:2 hexane:ethyl acetate yielding 
the product as a pale yellow oil (0.31 g, 55%); [a]o = +376 (c = 0.5, CHzCh); 
Vmax(thin film, DCM)/cm-1 1734 (ester C=O), 1662 (NC=O); 4I(400 MHz; CDCI)) 
1.17 (3H, t, J 8, COzCHzCH3), 1.75-1.84 (1H, m, C=CCHCH(H)), 2.03-2.08 (lH, m, 
C=CCHCH(H)), 2.64-2.74 (2H, m, CHzC=O), 2.86-2.94 (2H, m, SCH(H) + 
CHCHzC=O), 2.96-2.99 (lH, m, C=CCH(H)), 3.15-3.19 (1H, m, C=CCH(H)), 3.21-
3.37 (3H, m, SCHz + SCH(H)), 3.44-3.54 (2H, m, CH20Bn), 4.06 (2H, q, J 8, 
COzCHzCH3) 4.51 (2H, dd, J 16, 12, OCHzPh), 4.79-4.82 (lH, m, C=CCH), 5.22-
5.27 (1H, m, NCHCHzOBn), 5.37 (2H, dd, J 36, 20, NCHzPh), 6.93-6.95 (2H, m, 
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ArH), 7.09-7.11 (IH, m, ArH), 7.14-7.16 (IH, m, ArH), 7.21-7.29 (8H, m, ArH), 
7.56-7.58 (!H, m, ArH); oc(!OO MHz; CDCh) 13.8 (CH3), 21.3 (CHz), 35.2 (CHz), 
36.6 (CHz), 37.2 (CH), 39.8 (CHz), 39.9 (CHz), 47.9 (CHz), 47.9 (CH), 50.5 (CH), 
62.4 (CHz), 70.7 (CHz), 72.8 (CHz), 75.2 (C), 107.4 (C), 109.7 (CH), 118.5 (CH), 
119.8 (CH), 122.3 (CH), 125.4 (2xCH), 126.8 (C), 127.2 (CH), 127.4 (CH), 127.5 
(2xCH), 128.3 (2xCH), 128.8 (2xCH), 131.3 (C), 137.4 (C), 138.1 (C), 138.4 (C), 
171.2 (NC=O), 173.2 (ester C=O); MS (EI) mlz 626 [M\ 14.4%] (Found: M+, 
626.22778. C36HJsNz04S2 requires 626.22730). 
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( 6R, 12bS)-12-(Pheny1methy1)-6-{[(phenylmethyl)oxy ]methyl }-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2, 1-a ]b-carbolin-4-one (67) 
,.-OBn 
/ 0 
Sodium hydride (60% dispersion in mineral oil) (0.58 g, 14.4 mmol) was weighed 
into a dry round bottom flask under nitrogen. The solid was washed with hexane (3 x 
10 m!) to remove the mineral oil. The sodium hydride was re-suspended in anhydrous 
dimethylformamide (15 m!) and cooled to 0 oc with an ice bath. To this mixture was 
added a solution of (6R, 12bS)-6-(hydroxymethyl)-l ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-4-one (SO) (1.95 g, 7.2 mmol) in anhydrous 
dimethylformamide (15 m!) via cannula. The resulting mixture was stirred for a 
further 30 minutes at room temperature after which time benzyl bromide (2. 7 g, 1.9 
m!, 15.8 mmol) was added. After 1 hour stirring at room temperature the reaction was 
quenched by the addition of ice water (30 m!) and extracted with diethyl ether (3 x 30 
m!). The combined ether fractions were dried with anhydrous magnesium sulphate, 
filtered and the solvent removed by rotary evaporation. The crude product was 
adsorbed onto silica gel and purified by flash column chromatography over silica gel 
eluting with 3 :2 hexane:ethyl acetate to give the target compound as a pale yellow 
foam (2.9 g, 90%); Mp 116-119 °C; [a]o = -117.4 (c = 2.0, CH2Ch); Vmax(thin film, 
DCM)/cm-1 1639 (NC=O); 41(400 MHz; CDCh) 1.52-1.62 (1H, m, 
CH(H)CH2CH2C=O), 1.64-1.87 (2H, m, CH2CH2C=O), 2.30-2.35 (IH, m, 
CH(H)CH2CH2C=O), 2.41-2.60 (2H, m, CH2C=O), 2.90-2.94 (IH, m, C=CCH(H)), 
3.0 (1H, ddd, J 16, 8, 4, C=CCH(H)), 3.31-3.39 (2H, m, CH20Bn), 4.36-4.41 (IH, m, 
NCHC=C), 4.43 (2H, dd, J 28, 12, OCH2Ph), 5.26 (2H, dd, J 52, 20 NCH2Ph), 5.66-
5.71 (1H, m, NCHCH20Bn), 6.86-6.89 (2H, m, ArH), 7.14-7.25 (11H, m, ArH), 7.55-
7.58 (1H, m, ArH); oc(!OO MHz; CDCI3) 19.3 (Cl:h), 22.0 (CH2), 30.4 (CH2), 32.0 
(CH2), 45.9 (CH), 47.7 (CH2), 51.3 (CH), 68.3 (CH2), 72.5 (CH2), 107.8 (C), 109.8 
(CH), 118.5 (CH), 119.8 (CH), 122.2 (CH), 125.7 (2xCH), 127.0 (C), 127.4 (CH), 
127.5 (2xCH), 127.5 (CH), 128.3 (2xCH), 128.9 (2xCH), 133.4 (C), 137.2 (C), 138.2 
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(C), 138.3 (C), 170.4 (NC=O); MS (El) mlz450 [M'", 41.8%] (Found: M+, 450.23114. 
C3oH3oN202 requires 450.23073). 
Experimental !58 
(6R, 12bS)-12-(Phenylmethyl)-6-{[(phenylmethyl)oxy ]methyl }-1 ,4,6, 7, 12, 12b-
hexahydropyrido[2, 1-a ]b-carbolin-4-one (69) 
. ,-OBn 
_}' 0 
To a stirred solution of diisopropylamine (0.42 g, 0.59 m!, 4.2 mmol) in anhydrous 
tetrahydrofuran (5.0 m!) was added n-butyllithium (2.5 M solution in hexanes) (1.70 
m!, 4.2 mmol) dropwise at 0 °C under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 °C and then cooled to -78 °C whereupon a solution of (6R,12bS)-12-
(phenylmethyl)-6-{[ (phenylmethyl)oxy ]methyl} -1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1~a]b-carbolin-4-one (~7) (1.89 g, 4.2 mmol) m anhydrous 
tetrahydrofuran (15 m!) was added via cannula. The resulting mixture was stirred for a 
further 1 hour at -78 °C after which time phenylselenenylbromide (1.1 g, 4.6 mmol) in 
anhydrous tetrahydrofuran(IO m!) was added dropwise by syringe. The reaction was 
allowed to warm slowly from -78 oc to room temperature with stirring. After 24 
hours the reaction was quenched by the addition of saturated aqueous· ammonium 
chloride solution ( 40 m!) and extracted with diethyl ether (3 x 50 m!). The combined 
ether extracts were washed with saturated aqueous ammonium chloride solution (1 00 
m!), dried with anhydrous sodium sulphate. The solvent was removed by rotary 
evaporation to yield the crude selenide (68) (2.5 g), which was used without further 
purification. 
The crude selenide (68) (2.5 g) was dissolved in methanol (220 ml) and water (45 m!). 
To the resulting solution was added sodium metaperiodate (2.4 g, 9.7 mmol) and 
sodium bicarbonate (0.42 g, 5.0 mmol) and the solution was stirred vigorously at . 
room temperature for 18 hours. After this time the reaction was poured into a mixture 
of saturated aqueous sodium bicarbonate solution (200 ml) and diethyl ether (250 ml). 
The ether layer was washed with water (200 m!), then brine (200 m!) and dried over 
anhydrous magnesium sulphate. The solvent was removed by rotary evaporation and 
the crude product was adsorbed onto silica gel and purified by flash column 
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chromatography over silica gel eluting with 3:2 hexane:ethyl acetate to give the target 
compound as a pale yellow foam (1.6 g, 85%); Mp 67-69 °C; [a]0 = -265.6 (c = 1.0, 
CHzCh); Ymax(thin film, DCM)/cm·1 1651 (NC=O); 4!(400 MHz; CDCh) 2.20-2.29 
(1H, m, CH(H)CH=CHC=O), 2.52·2.59 (lH, m, CH(H)CH=CHC=O), 3.02 (1H, ddd, 
J 16, 8, 4, CH(H)CHN), 3.15 (1H, d, J 16, CH(H)CHN), 3.29-3.39 (2H, m, CHzOBn), 
4.44 (2H, s, OCHzPh), 4.58-4.62 (lH, m, C=CCH), 5.22 (2H, dd, J 36, 16, NCHzPh), 
5.41-5.46 (lH, m, NCHCHzOBn), 6.06 (lH, dd, J 8, 4, CH=CHC=O), 6.49-6.53 (lH, 
m, CH=CHC=O), 6.82-6.85 (2H, m, ArH), 7.11-7.23 (11H, m, ArH), 7.59-7.62 (1H, 
m, ArH); 6c(100 MHz; CDCh) 22.0 (CHz), 32.0 (CHz), 46.1 (CH), 47.3 (CHz), 49.8 
(CH), 68.1 (CHz), 72.6 (CHz), 107.7 (C), 109.8 (CH), 118.7 (CH), 119.9 (CH), 122.3 
(CH), 125.6 (2xCH), 125.9 (CH), 127.0 (C), 127.3 (2xCH), 127.3 (CH), 127.5 (CH), 
128.2 (2xCH), 129.1 (2xCH), 132.6 (C), 137.0 (C), 138.2 (C), 138.2 (C), 138.3 (CH), 
164.8 (NC=O); MS (El) mlz 448 [M+, 100.0%] (Found: M\ 448.21580. C3oHzsNzOz 
requires 448.21508). 
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(2R,6R, 12bS)-2-Eth-1-enyl-12-(phenylmethyl)-6-{ [ (phenylmethyl)oxy]methyl }-
1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-4-one (70) 
A 1.0 M solution of vinylmagnesium bromide in tetrahydrofuran (6.7 m!, 6.7 mmol) 
was added to a suspension of copper cyanide (0.30 g, 3.4 mmol) in anhydrous 
tetrahydrofuran (12.0 m!) at -78 oc with stirring. The reaction mixture was warmed to 
0 °C for 3 minutes and then re-cooled to -78 °C. A solution of (6R,12bS)-12-
(phenylmethyl)-6-{[(phenylmethyl)oxy ]methyl} -1 ,4,6, 7, 12, 12b-hexahydropyrido[2, 1-
a]b-carbolin-4-one (69) (0.30 g, 0.67 mmol) in anhydrous tetrahydrofuran (8.0 m!) 
was added via cannula at -78 °C. After a further 5 minutes chlorotrimethylsilane 
(0.43 m!, 3.4 mmol) was added and the resulting suspension was warmed slowly 
(overnight) to room temperature. After this time a mixture of saturated aqueous 
ammonium chloride solution (10.0 m!) and water (10.0 m!) was added and stirring 
continued for 20 minutes. A 1.0 M solution of tetrabutylammonium fluoride in 
tetrahydrofuran (2.0 m!) was added and stirring continued for a further 15 minutes. 
The organic phase was separated and the aqueous phase extracted with ethyl acetate 
(3 x 40 m!). The combined organic extracts were dried over anhydrous magnesium 
sulphate and the solvent removed on the rotary evaporator. Crude 250 MHz 1H NMR 
revealed the formation of the product as a single diastereoisomer. The crude product 
was adsorbed onto silica gel and purified by flash column chromatography over silica 
gel eluting with 3:1 hexane:ethyl acetate to give the target compound as a pale yellow 
oil (0.22 g, 70%); (a]o = -42.5 (c = 1.6, CH2Ch); Vmax(thin film, DCM)/cm-1 1636 
(NC=O); ~(400 MHz; CDCh) 1.83-1.90 (IH, m, C=CCHCH(H)), 2.17-2.22 (1H, m, 
C=CCHCH(H)), 2.47-2.67 (2H, m, CH(H)C=O), 2.64-2.67 (IH, m, CHCH=CHz), 
2.88-2.93 (IH, m, C=CCH(H)), 3.01 (IH, ddd, J 16, 4, 4, C=CCH(H)), 3.32 (2H, d, J 
8, CHzOBn), 4.37-4.44 (2H, m, OCHzPh), 4.47-4.51 (IH, m, C=CCH), 4.97-5.03 
(2H, m, CH=CH2), 5.18 (IH, d, J 20, NCH(H)Ph), 5.32 (IH, d, J 20, NCH(H)Ph), 
5.61-5.67 (IH, m, NCHCHzOBn), 5.69-5.78 (IH, m, CH=CH2), 6.86-6.90 (2H, m, 
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AIH), 7.13-7.24 (11H, m, AIH), 7.53-7.57 (1H, m, AIH); oc(100 MHz; CDCh) 21.9 
(CI-{z), 32.7 (CH), 34.9 (CH2), 36.1 (CH2), 46.2 (CH), 47.5 (CH), 47.7 (CH2), 68.3 
(CH2), 72.6 (CH2), 108.2 (C), 109.7 (CH), 115.6 (CH2), 118.4 (CH), 119.8 (CH), 
122.2 (CH), 125.8 (2xCH), 127.0 (C), 127.4 (CH), 127.5 (2xCH), 127.6 (CH), 128.2 
(2xCH), 128.9 (2xCH), 133.3 (C), 137.2 (C), 138.2 (C), 138.4 (C), 139.2 (CH), 170.2 
(NC=O); MS (El) m/z 476 [M\ 64.6%] (Found: M\ 476.24597. C32H32N202 requires 
476.24638). 
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3.5 Manipulation oflndolizino[2,3-a]quinolizidine Substrates 
( 6S, 12bR)-4-0xo-l ,2,3 ,4,6,7 ,12, 12b-octahydropyrido[2, 1-a ]b-carbolin-6-
carbaldehyde (71) 
H 
CHO 
0 
To a solution of (6S, 12bR)-6-(hydroxyrnethyl)-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-4-one (47) (1.0 g, 3.7 nunol) in dimethylsulfoxide 
(I 0 m!) was added IBX (1.13 g, 4.1 nunol) with stirring under nitrogen. After 24 
hours stirring at room temperature the solvent was removed and the resulting solid 
was re-suspended in ethyl acetate (250 ml), before filtering through a small pad of 
celite. The filtrate was washed with water (3 x 250 m!), the organic phase was then 
dried with anhydrous magnesium sulphate, filtered and evaporated to dryness to yield 
the target compound which was purified by flash column chromatography over silica 
gel using ethyl acetate as eluent. The purified aldehyde was afforded as a pale yellow 
foam (0.69 g, 70%); Mp 98-102 °C; [a]o = +99.0 (c = 0.9, CH2Ch); Vmax(thin film, 
DCM)/cm"1 3279 (NH), 1733 (CHO), 1615 (NC=O); 41(400 MHz; CDCb) 1.74 (IH, 
ddd, J 24, 12, 4, CH(H)CH2CH2C=O), 2.02-2.05 (2H, m, CH2CH2C=O), 2.41-2.47 
(IH, m, CH(H)CH2CH2C=O), 2.47-2.55 (IH, m, CH(H)C=O), 2.70-2.76 (IH, m, 
CH(H)C=O), 3.07-3.13 (IH, m, CH(H)CHCHO), 3.39-3.46 (IH, m, CH(H)CHCHO), 
4.93 (1H, d, J 12, C=CCH), 5.99 (IH, d, J8, CHCHO), 7.13-7.22 (2H, m, ArH), 7.33 
(IH, d, J 12, ArH), 7.54 (IH, d, J 4, ArH), 7.85 (1H, br, s, NH), 9.51 (IH, s, CHO); 
oc(100 MHz; CDCb) 19.5 (Clh), 20.0 (CH2), 29.7 (CH2), 32.0 (CH2), 52.1 (CH), 
56.7 (CH), 106.5 (C), 111.0 (CH), !18.4 (CH), 120.1 (CH), 122.6 (CH), 126.5 (C), 
132.6 (C), 136.4 (C), 170.2 (NC=O), 199.3 (CHO); MS (El) m!z 268 [M\ 86.2%] 
(Found: M+, 268.12124. C16H16N202 requires 268.12118). 
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(12bR)-1 ,2,3,4,6, 7, 12, 12b-Octahydropyrido[2, 1-a ]b-carbolin-4-one (72) 
[Bis(triphenylphosphine)]rhodium (I) carbonyl chloride (20) (0.77 g, 1.11 rnmol) was 
added to mesitylene (25 m!) under nitrogen and the mixture warmed to 80 oc with 
stirring until the rhodium complex dissolved. (6S,l2bR)-4-oxo-1,2,3,4,6,7,12,12b-
octahydropyrido[2,1-a]b-carbolin-6-carbaldehyde (71) (0.30 g, 1.11 rnmol) was 
added and the mixture heated at reflux under nitrogen. After 21 hours the solvent was 
removed and the crude material purified by flash column chromatography over silica 
gel using ethyl acetate as eluent to give the product as an off-white solid (0.16 g, 
60%); Mp 228-230 oc; [a]o = +216.4 (c = 1.0, CHCb); Vmax(thin.filrri, DCM)/cm·1 
1651 (NC=O); ~(400 MHz; CDCI3) 1.76-1.89 (IH, m, CH(H)CHzC=O), 1.76-1.89 
(IH, m, CH(H)CHzCHzC=O), 1.95-2.01 (IH, m, CH(H)CH2C=O), 2.36-2.47 (IH, m, 
CH(H)CH2CH2C=O), 2.36-2.47 (IH, m, CH(H)C=O), 2.57-2.62 (IH, m, 
CH(H)C=O), 2.72-2.82 (IH, m, CH(H)CHzN), 2.84-2.89 (IH, m, CH(H)CHzN), 2.84-
2.89 (IH, m, CH(H)N), 4.77-4.81 (IH, m, C=CCH), 5.14-5.22 (IH, m, CH(H)N), 
7.11-7.21 (2H, m, ArH), 7.35 (IH, d, J 8, ArH), 7.50 (IH, d, J 8, ArH), 7.79 (IH, br, 
s, NH); <lc(IOO MHz; CDCb) 19.8 (CHz), 21.4 (CHz), 29.5 (CHz), 32.8 (CHz), 40.5 
(CHz), 54.7 (CH), 109.5 (C), 111.0 (CH), 118.4 (CH), 119.8 (CH), 122.1 (CH), 126.8 
(C), 133.3 (C), 136.3 (C), 169.3 (NC=O); MS (El) mlz 240 [M\ 100.0%] (Found: M+, 
240.12633. C1sHI6NzO requires 240.12626). 
(e.e. = 94%; determined by chiral. HPLC using a Chira Cel OD-H column, 85:15 
hexane:2-propanol, 0.6 ml/min). 
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1, 1-Dimethylethyl( 6S, 12bR)-6-formyl-4-oxo-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, l-
a ]b-carbolin-12-carboxylate (79) 
( 6S, 12bR)-4-oxo-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-6-carbaldehyde 
(71) (4.3 g, 16.0 mmol) was dissolved in anhydrous tetrahydrofuran (40.0 m!) under 
nitrogen. Triethylamine (4.5 m!, 32.0 mmol), N,N-Dimethylaminopyridine (0.4 g, 3.2 
mmol) and Di-tert-buty! dicarbonate ( 4.5 g, 20.8 mmol) were added successively and 
the resulting solution :was stirred at room temperature. under nitrogen for 4 hours. 
After this time the volatiles were removed by rotary evaporation and the resulting 
residue was re-dissolved in ethyl acetate (200 m!) and washed successively with 
saturated aqueous ammonium chloride (2 x 200 m!), saturated aqueous sodium 
bicarbonate (2 x 200 m!) and brine (200 m!). The organic layer was dried over 
anhydrous magnesium sulphate, the solvent removed under rotary evaporation and the 
crude product was adsorbed onto silica gel and purified by flash column 
chromatography over silica gel using 3:2 ethyl acetate:hexane as eluent. The product 
was isolated as a yellow oil (5.8 g, 98%); [a]o = +249.6 (c = 1.0, CHCI3); Vmax(thin 
film, DCM)/cm-1 1645 (NC=O), 1729 (CHO); 4!(400 MHz; CDCh) 1.40-1.50 (IH, 
m, C=CCHCH(H)), 1.68 (9H, s, OC(CH3)3), 1.94-2.06 (2H, m, CHzCHzC=O), 2.51-
2.60 (IH, m, CH(H)C=O), 2.61-2.66 (IH, m, C=CCHCH(H)), 2.72-2.79 (IH, m, 
CH(H)C=O), 2.97 (1H, ddd, J !6, 8, 4, C=CCH(H)), 3.36-3.41 (lH, m, C=CCH(H)), 
5.26-5.29 (IH, m, C=CCH), 5.93-5.95 (IH, m, NCHCHO), 7.25-7.34 (2H, m, ArH), 
7.47-7.49 (IH, m, ArH), 8.03-8.07 (IH, m, ArH), 9.54 (IH, s, CHO); oc(lOO MHz; 
CDCh) 19.4 (CHz), 20.6 (CHz), 28.2 (3xCH3), 30.6 (CHz), 31.7 (CHz), 54.1 (CH), 
56.2 (CH), 84.6 (C), 114.7 (C), 115.7 (CH), 118.3 (CH), 123.1 (CH), 125.0 (CH), 
128.1 (C), 134.5 (C), 136.9 (C), 149.8 (NC(O)O'Bu), 171.1 (NC=O), 199.1 (CHO); 
MS (El) mlz 368 [M\ 27.8%] (Found: M+, 368.17367. Cz1H24Nz04 requires 
368.17361). 
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( 6S, 12bR)-12-{[ (1, 1-Dimethylethyl)oxy]carbonyl} -4-oxo-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-12-carboxylic acid (80) 
A solution of 1, l-dimethylethyl(6S, 12bR)-6-formyl-4-oxo-l ,2,3,4,6,12,12b-
octahydropyriqo[2,1-a]b-carbolin-12-carboxylate (79) (2.6 g, 7.1 mmol) in 
acetonitrile (35.0 ml), tert-butyl alcohol (130.0 ml) and 1-methyl-1-cyclohexene (63.0 
m!) was stirred rapidly as it was cooled to 0 °C. A solution of sodium chlorite (6.3 g, 
54.7 mmol) and sodium dihydrogen phosphate (6.3 g, 49.7 mmol) in water (130.0 m!) 
was added dropwise over a period of 10 minutes at 0 °C. The solution was then 
allowed to stir at room temperature for a further 18 hours. After this time the reaction 
was partitioned between ethyl acetate (300 ml) and brine (200 m!). The ethyl acetate 
layer was then washed with 1 M aqueous sodium dithionite solution (100 m!). The 
organic layer was dried over anhydrous magnesium sulphate and evaporated to 
dryness to give the target compound which was purified by flash column 
chromatography over silica gel eluting with ethyl acetate yielding a yellow oil (2.24 g, 
83%); [a]o = +159.2 (c = 3.0, CHCl3); Vmax(thin film, DCM)/cm·1 3379 (OH), 1640 
(NC=O); 4.(400 MHz; CDCh) 1.41-1.45 (IH, m, C=CCHCH(H)), 1.67 (9H, s, 
OC(CH3)3), 1.88-1.92 (2H, m, CHzCHzC=O), 2.47-2.61 (lH, m, CH(H)C=O), 2.47-
2.61 (IH, m, C=CCHCH(H)), 2.65-2.72 (IH, m, CH(H)C=O), 2.89-2.95 (lH, m, 
C=CCH(H)), 3.38-3.42 (lH, m, C=CCH(H)), 5.32-5.35 (IH, m, C=CCH), 6.03-6.05 
(lH, m, NCHCOzH), 7.22-7.32 (2H, m, ArH), 7.44-7.46 (IH, m, ArH), 8.Q4 (IH, d, J 
8, ArH); oc(lOO MHz; CDCh) 19.1 (CHz), 23.1 (CHz), 28.2 (3xCH3), 30.4 (CHz), 
31.4 (CH2), 49.5 (CH), 53.9 (CH), 84.5 (C), 114.9 (C), 115.7 (CH), 118.4 (CH), 
123.0 (CH), 124.8 (CH), 128.3 (C), 134.0 (C), 136.8 (C), 149.9 (NC(0)01Bu), 171.8 
(NC=O), 174.6 (C(O)OH); MS (El) mlz 384 [M\ 2.0%] (Found: M\ 384.16768. 
Cz1H24N20s requires 384.16852). 
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1, 1-Dimethylethyl( 6S, 12bR)-4-oxo-6-[ (phenylseleno )carbonyl]-! ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-12-carboxylate (81) 
I 
To a flask containing (6S,l2bR)-12-{[(l,l-dimethylethyl)oxy]carbonyl}-4-oxo-
1 ,2,3,4,6, 7,12,12b-octahydropyrido[2,1-a]b-carbolin-12-carboxylic acid (80) (2.24 g, 
5.83 rnmol) under nitrogen was added anhydrous dichloromethane (30.0 ml) followed 
by diphenyldiselenide (2.8 g, 8.7 mmol). The resulting mixture was cooled to 0 oc 
and tributylphosphine (90% grade) (3.6 ml, 11.7 nunol) was added dropwise. The 
solution was allowed to warm to room temperature and stirring continued for a further 
18 hours at room temperature. Dichloromethane (100 ml) and water (100 ml) were 
added and the aqueous layer was extracted with a further (I 00 ml) of 
dichloromethane. The combined organic fractions were washed with brine (1 00 ml), 
dried over anhydrous magnesium sulphate and evaporated to dryness to give the crude 
product which was purified by flash column chromatography over silica gel eluting 
with 8:2 hexane:ethyl acetate, then 3:2 ethyl acetate:hexane giving the target 
compound as a pale yellow foam (2.5 g, 83%); Mp 75-78 °C; [a]0 = +93.6 (c = 2.0, 
CHCb); Vmax(thin film, DCM)/cm·1 1726 (COSePh); ~( 400 MHz; CDCb) 1.43-1.54 
(lH, m, C=CCHCH(H)), 1.69 (9H, s, OC(CHJ)J), 1.97-2.13 (2H, m, CH2CHzC=O), 
2.59-2.68 (IH, m, C=CCHCH(H)), 2.59-2.68 (IH, m, CH(H)C=O), 2.78-2.85 (IH, m, 
CH(H)C=O), 2.86-2.92 (1H, m, C=CCH(H)), 3.47-3.51 (IH, m, C=CCH(H)), 5.56-
5.59 (IH, m, C=CCH), 6.15-6.17 (1H, m, NCHCOSePh), 6.15-6.17 (lH, m, ArH), 
7.22-7.30 (5H, m, ArH), 7.38-7.40 (2H, m, ArH), 7.43-7.46 (lH, m, ArH), 8.04-8.06 
(IH, m, ArH); oc(lOO MHz; CDCh) 19.0 (CHz), 22.3 (CH2), 28.2 (3xCHJ), 31.0 
(CH2), 31.7 (CH2), 54.1 (CH), 59.6 (CH), 84.4 (C), 114.8 (C), 115.6 (CH), 118.4 
(CH), 123.1 (CH), 124.9 (CH), 125.3 (C), 128.3 (C), 128.9 (CH), 129.2 (2xCH), 
133.4 (C), 135.9 (2xCH), 136.7 (C), 149.9 (NC(O)O'Bu), 171.7 (NC=O), 200.3 
(COSePh); MS (Cl) mlz 525 [MW, 6.3%] (Found: MH\ 525.13013. C21H2sN204Se 
requires 525.12143). 
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1,1-Dimethylethyl( 12bR)-4-oxo-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, l-a ]b-carbolin-
12-carboxylate (82) 
A three-necked flask fitted with a condenser, glass stopper and a suba seal was 
flushed with nitrogen. A solution of l,l-dimethylethyl(6S,12bR)-4-oxo-6-
[(phenylseleno )carbonyl]-! ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-12-
carboxylate (81) (2.5 g, 4.8 mmol) in anhydrous toluene (25.0 m!) was added via 
cannula. The solution was then degassed with nitrogen for 15 minutes before adding 
tri-n-butyltin hydride (5.1 m!, 19.2 mmol) by syringe. The resulting mixture was 
heated to 80 oc in an oil bath whereupon azobisisobutyronitrile (0.16 g, 0.96 mmol) 
was added portionwise over a 2 hour period at 80 °C. After 2 hours stirring a~ 80 °C 
the mixture was cooled to room temperature and the solvent removed on the rotary 
evaporator. The resulting crude oil was adsorbed onto silica gel and purified by flash 
column chromatography over silica gel eluting with hexane followed by 3:1 ethyl 
acetate:hexane. The target compound was isolated as a colourless oil (1.17 g, 73%); 
[a.]o = +328.8 (c = 2, CH2Ch); Vmax(thin film, DCM)/cm-1 1700 (NC=O(O)'Bu); 
~(400 MHz; CDCh) 1.41-1.46 (IH, m, C=CCHCH(H)), 1.69 (9H, s, OC(CH3)3), 
1.89-1.95 (2H, m, CH2CH2C=O), 2.39-2.48 (IH, m, CH(H)C=O), 2.59-2.68 (lH, m, 
C=CCHCH(H)), 2.59-2.68 (IH, m, CH(H)C=O), 2.70-2.79 (2H, m, CH2CHzN), 2.81-
2.84 (IH, m, CH(H)N), 5.08-5.17 (IH, m, CH(H)N), 5.08-5.17 (1H, m, C=CCH), 
7.23-7.33 (2H, m, ArH), 7.43-7.45 (IH, m, ArH), 8.04-8.06 (IH, m, ArH); ac(IOO 
MHz; CDCh) 19.5 (Cl-h), 21.7 (CH2), 28.2 (3xCHJ), 30.2 (CH2), 32.2 (CHz), 39.0 
(CH2), 56.1 (CH), 84.3 (C), 115.5 (CH), 118.3 (CH), 118.4 (C), 123.0 (CH), 124.6 
(CH), 128.7 (C), 135.3 (C), 136.8 (C), 150.2 (NC(O)O'Bu), 169.9 (NC=O); MS (El) 
mlz 340 [M\ 14.9%] (Found: M+, 340.17801. C2oH24N203 requires 340.17869). 
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(12bR)-1 ,2,3,4,6, 7, 12, 12b-Octahydropyrido[2, 1-a ]b-carbolin-4-one (72} 
I, 1-dimethylethyl(I2bR)-4-oxo-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-
12-carboxylate (82) (0.05 g, 0.15 mmol) was dissolved in anhydrous tetrahydrofuran 
(8.0 m!) under a nitrogen atmosphere. A 1.0 M solution of tetrabutylanunonium 
fluoride in tetrahydrofuran (1.5 m!, 1.5 mmol) was then added and the mixture was 
heated under reflux for 9 hours. After this time the mixture was cooled to room 
temperature and water (30.0 m!) was added. The mixture was extracted with ethyl 
acetate (2 X 50.0 mJ) and the OrganiC fractiOnS Were dried OVer anhydroUS magnesium 
sulphate and the solvent removed on the rotary evaporator. The crude product was 
adsorbed onto silica gel and purified by flash column chromatography over silica gel 
using ethyl acetate as eluent to give the target compound as an off-white solid (0.02 g, 
65% ), which had identical spectral properties to the compound prepared through 
rhodium decarbonylation of (71). 
(e.e. = 98%; determined by chiral HPLC using a Chira Cel OD-H column, 85:15 
hexane:2-propanol, 0.6 mllmin). 
Experimental 169 
( 6S,l2bR)-l ,2,3 ,4,6, 7, 12, 12b-Octahydropyrido[2, 1-a ]b-carbolin-6-ylmethanol (83) 
I 
A solution of ( 6S, 12bR)-6-(hydroxymethyl)-l ,2,3 ,4,6, 7, 12, 12b-octahydropyrido[2, 1-
a]b-carbolin-4-one (47) (0.30 g, 1.11 mmol) in anhydrous toluene (10.0 m!) and 
tetrahydrofuran (15.0 m!) was stirred at room temperature under nitrogen with sodium 
bis(methoxyethoxy)aluminium hydride (1.1 m! of a 65% solution in toluene) for 20 
hours. The reaction mixture was quenched by careful addition of saturated aqueous 
sodium potassium tartrate (25 m!). The organic layer was separated and the salt 
extracted with ethyl acetate (3 x 50 m!). The organic phase was dried with anhydrous 
magnesium sulphate and the solvent removed on the rotary evaporator. The crude 
product was purified by flash column chromatography over silica gel eluting with 
10% methanol:ethyl acetate to yield the product as a yellow solid (0.21 g, 74%); Mp 
101-104 °C; [<X]o = +57.6 (c = 1.0, DMSO); Vmax(thin film, DCM)/cm-1 3357 (OH); 
M400 MHz; DMSO) 1.31-1.55 (IH, m, CH(H)CHzN), 1.31-1.55 (!H, m, 
C=CCHCH2CH(H)), 1.31-1.55 (IH, m, C=CCHCH(H)), 1.59-1.62 (IH, m, 
CH(H)CHzN), 1.72-1.75 (IH, m, C=CCHCHzCH(H)), 2.19-2.22 (!H, m, 
C=CCHCH(H)), 2.74-2.77 (2H, m, CHzCHCHzOH), 2.86-2.88 (2H, m, CHzN), 3.03-
3.05 (IH, m, NCHCH20H), 3.23-3.28 (!H, m, CH(H)OH), 3.56-3-59 (IH~ m, 
C=CCH), 3.71-3.73 (IH, m, CH(H)OH), 4.42 (IH, br, s, OH), 6.91-6.95 (lH, m, 
ArH), 6.98-7.02 (IH, m, ArH), 7.27 (IH, d, J 8, ArH), 7.35 (lH, d, J 8, ArH), 10.6 
(!H, br, s, NH); ~c(lOO MHz; DMSO) 22.4 (CHz), 24.0 (CHz), 26.0 (CHz), 30.8 
(CHz), 52.0 (CH2), 53.4 (CH), 56.5 (CHz), 60.6 (CH), 104.5 (C), 110.8 (CH), 117.4 
(CH), 118.0 (CH), 120.1 (CH), 127.3 (C), 135.2 (C), 136.1 (C); MS (El) mlz 256 [M\ 
5.6%] (Found: M\ 256.15729. Ct6HzoNzO requires 256.15756). 
Experimental 170 
3.6 Total Synthesis of a Simple Indole Alkaloid 
( 6R, 12bS)-4-0xo-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido(2, 1-a ]b-carbolin-6-
carbaldehyde (85) 
To a solution of ( 6R, 12bS)-6-(hydroxymethyl)-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-4-one (SO) (5.0 g, 18.5 mmo1) in dimethylsulfoxide 
(40 m!) was added IBX (15.4 g, 55.5 mmol) with stirring under nitrogen. After 24 
hours stirring at room temperature the solvent was removed and the resulting solid 
was re-suspended in ethyl acetate (250 m!), before filtering through a small pad of 
celite. The filtrate was washed with water (3 x 250 m!), the organic phase was then 
dried with anhydrous magnesium sulphate, filtered and evaporated to dryness to yield 
the target compound which was purified by flash column chromatography over silica 
gel using ethyl acetate as eluent. The purified aldehyde was afforded as a pale yellow 
foam (3.0 g, 60%); Mp 97.5-99 °C; [a]o = -201.3 (c = 1.2, CH2Clz); Vmax(thin film, 
DCM)/cm'1 3271 (NH), 1727 (CHO), 1617 (NC=O); ~(400 MHz; CDCh) 1.66-1.77 
(1H, m, CH(H)CH2CH2C=O), 1.99-2.05 (2H, m, CH2CH2C=O), 2.40-2.48 (1H, m, 
CH(H)CH2CH2C=O), 2.49-2.54 (IH, m, CH(H)C=O), 2.69-2.76 (IH, m, 
CH(H)C=O), 3.10 (IH, ddd, J 16, 8, 4, CH(H)CHCHO), 3.41-3.47 (1H, m, 
CH(H)CHCHO), 4.89-4.93 (IH, m, C=CCH), 5.97-5.99 (IH, m, CHCHO), 7.11-7.24 
(2H, m, ArH), 7.30-7.32 (IH, m, ArH), 7.53-7.55 (IH, m, ArH), 8.15 (lH, br, s, NH), 
9.49 (IH, s, CHO); oc(100 MHz; CDCh) 19.5 (CH2), 20.0 (CH2), 29.6 (CH2), 32.0 
(CH2), 52.2 (CH), 56.8 (CH), 106.4 (C), 111.1 (CH), 118.3 (CH), 120.0 (CH), 122.6 
(CH), 126.5 (C), 132.7 (C), 136.5 (C), 170.4 (NC=O), 199.3 (CHO); MS (ED mlz 268 
[M\ 75.9%] (Found: M+, 268.12130. C16HI6N202 requires 268.12118). 
Experimental 171 
1, 1-Dimethylethyl( 6R, 12bS)-6-fonnyl-4-oxo-l ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, l-
a ]b-carbolin-12-carboxylate (86) 
( 6R, 12bS)-4-oxo-l ,2,3 ,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-6-carbaldehyde 
(85) (3.5 g, 13.1 mmol) was dissolved in anhydrous tetrahydrofuran (40.0 m!) under 
nitrogen. Triethylamine (3.7 m!, 26.2 mmol), N,N-Dimethylaminopyridine (0.35 g, 
2.7 mmol) and Di-tert-butyi dicarbonate (3.8 g, 17.1 mmol) were added successively 
and the resulting solution was stirred at room temperature under nitrogen for 4 hours. 
After this time the volatiles were removed by rotary evaporation and the resulting 
residue was re-dissolved in ethyl acetate (200 ml) and washed successively with 
saturated aqueous ·ammonium chloride (2 x 200 ml), saturated aqueous sodium 
bicarbonate (2 x 200 ml) and brine (200 m!). The organic layer was dried over 
anhydrous magnesium sulphate, the solvent removed under rotary evaporation and the 
crude product was adsorbed onto silica gel and purified by flash column 
chromatography over silica gel using 3:2 ethyl acetate:hexane as eluent. The product 
was isolated as a yellow oil (2.6 g, 63%); [a]o = -925.3 (c = 3.0, CHzCh); Vmax(thin 
film, DCM)/cm'1 1729 (CHO), 1653 (NC=O); bH(400 MHz; CDCh) 1.41-1.50 (lH, 
m, C=CCHCH(H)), 1.67 (9H, s, OC(CH3)3), 1.96-2.04 (2H, m, CHzCHzC=O), 2.50-
2.59 (lH, m, CH(H)C=O), 2.61-2.65 (lH, m, C=CCHCH(H)), 2.71-2.78 (lH, m, 
CH(H)C=O), 2.96 (lH, ddd, J 16, 8, 4, C=CCH(H)), 3.35-3.40 (lH, m, C=CCH(H)), 
5.26-5.29 (lH, m, C=CCH), 5.92-5.94 (lH, m, NCHCHO), 7.24-7.34 (2H, m, Arlf), 
7.47-7.49 (lH, m, Arlf), 8.04-8.06 (lH, m, Arlf), 9.52 (lH, s, CHO); oc(lOO MHz; 
CDCh) 19.3 (CHz), 20.5 (CHz), 28.4 (3xCHJ), 30.6 (CHz), 31.7 (CHz), 54.0 (CH), 
56.1 (CH), 84.6 (C), 114.7 (C), 115.7 (CH), 118.2 (CH), 123.1 (CH), 125.0 (CH), 
128.1 (C), 134.5 (C), 136.9 (C), 149.8 (NC(O)O'Bu), 170.9 (NC=O), 199.1 (CHO); 
MS (El) mlz 368 [M+, 54.1 %] (Found: M\ 368.17367. CztH24N204 requires 
368.17361). 
Experimental 172 
( 6R, 12bS)-12-{[ ( 1, 1-Dimethylethyl)oxy ]carbonyl} -4-oxo-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2, 1-a ]b-carbolin-12-carboxylic acid (87) 
A solution of I, 1-dimethylethyl( 6R, 12bS)-6-formyl-4-oxo-1 ,2,3,4,6, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-12-carboxylate (86) (2.6 g, 7.1 mmol) in 
acetonitrile (35.0 ml), tert-butyl alcohol (130.0 m!) and 1-methyl-1-cyclohexene (63.0 
m!) was stirred rapidly as it was cooled to 0 °C. A solution of sodium chlorite (80% 
grade) (6.3 g, 54.7 mmol) and sodium dihydrogen phosphate (6.3 g, 49.7 mmol) in 
water (130.0 m!) was added dropwise over a period of 10 minutes at 0 °C. The 
solution was then allowed to stir at room temperature for a further 18 hours. After this 
time the reaction was partitioned between ethyl acetate (300 ml) and brine (200 m!); 
The ethyl acetate layer was then washed with 1 M aqueous sodium dithionite solution 
(100 rnl). The organic layer was dried over anhydrous magnesium sulphate and 
evaporated to dryness to give the target compound which was purified by flash 
column chromatography over silica gel eluting with ethyl acetate yielding a yellow oil 
(1.9 g, 70%); [a]o = -530 (c = 1.0, CH2Ch); vmax(thin film, DCM)/cm-1 3379 (OH), 
1640 (NC=O); ~(400 MHz; CDCI3) 1.34-1.40 (1H, m, C=CCHCH(H)), 1.64 (9H, s, 
OC(CH3)3), 1.82-1.91 (2H, m, CH2CH2C=O), 2.45-2.62 (IH, m, CH(H)C=O), 2.45-
2.62 (1H, m, C=CCHCH(H)), 2.45-2.62 (IH, m, CH(H)C=O), 2.83-2.89 (IH, m, 
C=CCH(H)), 3.35-3.41 (IH, m, C=CCH(H)), 5.33-5.36 (IH, m, C=CCH), 5.98-6.0 
(IH, m, NCHC02H), 7.18-7.28 (2H, m, Arll), 7.39-7.41 (IH, m, Arll), 8.Q3 (IH, d, J 
8, Arll); oc(100 MHz; CDCI3) 19.0 (CH2), 23.2 (CH2), 28.2 (3xCHJ), 30.4 (CH2), 
31.3 (CH2), 49.8 (CH), 54.1 (CH), 84.4 (C), 115.0 (C), 115.7 (CH), Il8.4 (CH), 
123.0 (CH), 124.8 (CH), 128.4 (C), 133.9 (C), 136.8 (C), 149.9 (NC(O)dBu), 172.1 
(NC=O), 173.0 (C(O)OH); MS (El) mlz 384 [M\ 2.0%] (Found: M\ 384.16768. 
C21H24N20s requires 384.16852). 
Experimental 173 
I, 1-Dimethylethyl( 6R, 12bS)-4-oxo-6-[ (phenylseleno )carbonyl]-! ,2,3 ,4,6,7, 12, 12b-
octahydropyrido[2, 1-a ]b-carbolin-12-carboxylate (88) 
~OSePh 
f 0 
I 
To a flask containing (6R,l2bS)-12-{[(l,l-dimethylethyl)oxy]carbonyl}-4-oxo-
1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]b-carbolin-12-carboxylic acid (87) (1.9 g, 
4.95 mmol) under nitrogen was added anhydrous dichloromethane (30.0 ml) followed 
by diphenyldiselenide (2.4 g, 7.5 mmol). The resulting mixture was cooled to 0 °C 
and tributylphosphine (90% grade) (3.1 m!, 10.1 mmol) was added dropwise. The 
solution was allowed to warm to room temperature and stirring continued for a further 
18 hours at room temperature. Dichloromethane (100 m!) and water (100 m!) were 
added and the aqueous layer was extracted with a further (I 00 m!) of 
dichloromethane. The combined organic fractions were washed with brine (100 ml), 
dried over anhydrous magnesium sulphate and evaporated to dryness to give the crude 
product which was purified by flash column chromatography over silica gel eluting· 
with 8:2 hexane:ethyl acetate, then 3:2 ethyl acetate:hexane giving the target 
compound as a pale yellow foam (1.72 g, 66%); Mp 75-77 oc; [a] 0 = -84 (c = 1.0, 
CH2Ch); Vmax(thin film, DCM)/cm·1 1729 (COSePh), 1654 (NC=O); 41(400 MHz; 
CDCh) 1.44-1.54 (IH, m, C=CCHCH(H)), 1.70 (9H, s, OC(CH3) 3), 1.95-2.11 (2H, 
m, CH2CH2C=O), 2.60-2.68 (IH, m, C=CCHCH(H)), 2.60-2.68 (IH, m, CH(H)C=O), 
2.78-2.85 (IH, m, CH(H)C=O), 2.87-2.93 (IH, m, C=CCH(H)), 3.47-3.52 (IH, m, 
C=CCH(H)), 5.56-5.59 (IH, m, C=CCH), 6.15-6.17 (IH, m, NCHCOSePh), 6.15-
6.17 (IH, m, ArH), 7.24-7.32 (5H, m, ArH), 7.39-7.40 (2H, m, ArH), 7.43-7.46 (IH, 
m, ArH), 8.03-8.06 (IH, m, ArH); ac(IOO MHz; CDCh) 19.0 (CH2), 22.4 (CH2), 28.3 
(3xCH3), 31.1 (CH2), 31.8 (CH2), 54.1 (CH), 59.6 (CH), 84.5 (C), 114.8 (C), 115.7 
(CH), 118.4 (CH), 123.1 (CH), 124.9 (CH), 125.4 (C), 128.3 (C), 128.9 (CH), 129.2 
(2xCH), 133.5 (C), 136.0 (2xCH), 136.8 (C), 149.9 (NC(O)O'Bu), 171.6 (NC=O), 
200.3 (COSePh); MS (Cl) m/z 525 [MH\ 6.7%] (Found: MH\ 525.13013. 
C21H2sN204Se requires 525.12143). 
Experimental 174 
1, 1-Dimethylethyl{l2bS)-4-oxo-l ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-
12-carboxylate (89) 
A three-necked flask fitted with a condenser, glass stopper and a suba seal was 
flushed with nitrogen. A solution of l,l-dimethylethyl(6R,l2bS)-4-oxo-6-
[(phenylseleno )carbonyl]-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a]b-carbolin-12-
carboxylate (88) (1.7 g, 3.2 mmol) in anhydrous toluene (20.0 m!) was added via 
cannula. The solution was then degassed with nitrogen for 15 minutes before adding 
tri-n-butyltin hydride (3.5 ml, 13.2 mmol) by syringe. The resulting mixture was 
heated to 80 °C in an oil bath whereupon azobisisobutyronitrile (0.1 g, 0.6 mmol) was 
added portionwise over a 2 hour period at 80 °C. After 2 hours stirring at 80 °C the 
mixture was cooled to room temperature and the solvent removed on the rotary 
evaporator. The resulting crude oil was adsorbed onto silica gel and purified by flash 
column chromatography over silica gel eluting with hexane followed by 3:1 ethyl 
acetate:hexane. The target compound was isolated as a colourless oil ( 1.1 g, 98% ); 
[a]o = -77.3 (c = 1.8, CH2Ch); Vmax(thin film, DCM)/cm·1 1732 (NC=O(O)'Bu), 1644 
(NC=O); ~(400 MHz; CDCI3) 1.32-1.42 (IH, m, C=CCHCH(H)), 1.67 (9H, s, 
OC(CH3)3), 1.79-1.86 (2H, m, CH2CH2C=O), 2.34-2.43 {lH, m, CH(H)C=O), 2.54-
2.77 (IH, m, C=CCHCH(H)), 2.54-2.77 {IH, m, CH(H)C=O), 2.54-2.77 (2H, m, 
CH2CH2N), 2.54-2.77 (lH, m, CH(H)N), 5.05-5.15 (IH, m, CH(H)N), 5.05-5.15 {IH, 
m, C=CCH), 7.18-7.30 (2H, m, ArH), 7.37 (lH, d, J 8, ArH), 8.06 (lH, d, J 8, ArH); 
oc{lOO MHz; CDCb) 19.5 (CH2), 21.6 (CH2), 28.1 (3xCHJ), 30.2 (CH2), 32.1 (CH2), 
38.8 (CH2), 56.0 (CH), 84.1 (C), 115.5 (CH), 118.2 {CH), 118.2 (C), 122.9 (CH), 
124.5 {CH), 128.6 (C), 135.2 (C), 136.8 (C), 150.1 (NC{0)01Bu), 169.4 (NC=O); MS 
(El) mlz 340 [M'", 13.8%] (Found: M'", 340.17884. C2oH24N203 requires 340.17862). 
Experimental 175 
(12bS)-1 ,2,3 ,4,6, 7, 12, 12b-Octahydropyrido[2, 1-a ]b-carbolin-4-one (90) 
1, 1-dimethylethyl(12bS)-4-oxo-1 ,2,3 ,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-
12-carboxylate (89) (0.23 g, 0.68 mmol) was dissolved in anhydrous tetrahydrofuran 
(10.0 m!) under a nitrogen atmosphere. A 1.0 M solution of tetrabutylammonium 
fluoride in tetrahydrofuran (6.8 m!, 6.8 mmol) was then added and the mixture was 
heated under reflux for 9 hours. After this time the mixture was cooled to room 
temperature and water (40.0 m!) was added. The mixture was extracted with ethyl 
acetate (2 x 70.0 m!) and the organic fractions were dried over anhydrous magnesium 
sulphate and the solvent removed on the rotary evaporator. The crude product was 
adsorbed onto silica gel and purified by flash colunm chromatography over silica gel 
using ethyl acetate as eluent to give the target compound as an off-white solid (0.1 g, 
63%), Mp 238-240 oc; [a]o = -286 (c = 1.0, CHCh); Vmax(thin film, DCM)/cm"1 1651 
(NC=O); ~(400 MHz; CDCh) 1.76-1.89 (IH, m, CH(H)CHzC=O), 1.76-1.89 (IH, 
m, CH(H)CHzCHzC=O), 1.95-2.01 (1H, m, CH(H)CHzC=O), 2.36-2.47 (lH, m, 
CH(H)CH2CH2C=O), 2.36-2.47 (IH, m, CH(H)C=O), 2.57-2.62 (1H, m, 
CH(H)C=O), 2.72-2.82 (IH, m, CH(H)CHzN), 2.84-2.89 (1H, m, CH(H)CHzN), 2.84-
2.89 (1H, m, CH(H)N), 4.76-4.80 (1H, m, C=CCH), 5.14-5.22 (1H, m, CH(H)N), 
7.11-7.21 (2H,m,ArH), 7.33-7.36(1H,m,ArH), 7.51 (lH,d,J8,ArH), 7.85(1H, br, 
s, NH); oc(100 MHz; CDCh) 19.4 (CHz), 21.0 (CHz), 29.1 (CHz), 32.5 (CHz), 40.1 
(CHz), 54.4 (CH), 109.8 (C), 110.9 (CH), 118.5 (CH), 119.9 (CH), 122.2 (CH), 127.0 
(C), 133.3 (C), 136.2 (C), 169.1 (NC=O); MS (El) mlz 240 [M\ 100.0%] (Found:~. 
240.12632. C1sHI6N20 requires 240.12626). 
Experimental 176 
(12bS)-1 ,2,3,4,6, 7, 12, 12b-Octahydropyrido[2, 1-a ]b-carboline (84)67-68 
Lithium aluminium hydride (0.07 g, 1.68 mmol) was weighed into a pre-dried three 
necked flask fitted with a condenser under a nitrogen atmosphere. Anhydrous 
tetrahydrofuran (13.0 m!) was added and the suspension was cooled to 0 °C with an 
ice bath. (12bS)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]b-carbolin-4-one (90) (0.07 
g, 1.68 mmol) in anhydrous tetrahydrofuran (4.0 ml) was added dropwise to the 
hydride solution at 0 °C. The resulting mixture was heated under reflux for 3 hours 
and then stirred at room temperature for a further 12 hours. Ether (5.0 m!) was added 
and the reaction was quenched by the careful addition of saturated aqueous sodium 
potassium tartrate solution. The mixture was stirred for another I hour before the 
addition of anhydrous magnesium sulphate prior to filtration though a celite pad. The 
reaction vessel was washed out with ethyl acetate and filtered through the celite pad. 
The filtrate was evaporated under reduced pressure to yield the crude product which 
was adsorbed onto silica gel and purified by flash column chromatography over silica 
gel using ethyl acetate as eluent to give the target compound as a yellow solid (0.09 g, 
96%), a small portion of which was recrystallised from dichloromethane to yield 
yellow plate-like crystals; Mp 146-148 °C (lit.67-68 Mp 149-150 °C); [a.]0 = -79.6 (c = 
LO, MeOH) (lit.67-68 [a.] 0 = -86.5 ± 2 (c = LO, MeOH)); Vmax(thin film, DCM)/cm·1 
3441 (NH); ~(400 MHz; CDCh) 1.40-1.52 (IH, m, C=CCHCH2CH(H)), 1.57 (1H, 
ddd, J 24, 16, 4, C=CCHCH(H)), 1.69-1.77 (2H, m, C=CCH(CHz)zCHz), 1.85-1.89 
(IH, m, C=CCHCH2CH(H)), 2.02-2.05 (lH, m, C=CCHCH(H)), 2.37 (1H, dt, J 8, 4, 
C=CCH(CH2)3CH(H)N), 2.58-2.73 (1H, m, C=CCH2CH(H)N), 2.58-2.73 (IH, m, 
C=CCH(H)CHzN), 2.96-3.02 (IH, m, C=CCHzCH(H)N), 2.96-3.02 (IH, m, 
C=CCH(H)CH2N), 3.02-3.08 (IH, m, C=CCH(CH2) 3CH(H)N), 3.21 (IH, d, J 8, 
C=CCH), 7.06-7.15 (2H, m, ArH), 7.28 (IH, d, J 8, ArH), 7.46 (1H, d, J 8, ArH), 
7.73 (IH, br, s, NH); oc(100 MHz; CDCh) 21.6 (CHz), 24.3 (CHz), 25.7 (CHz), 30.0 
(CHz), 53.6 (CH2), 55.7 (CHz), 60.2 (CH), 108.2 (C), 110.7 (CH), 118.1 (CH), 119.4 
(CH), 121.3 (CH), 127.5 (C), 135.1 (C), 136.0 (C); MS (El) mlz 226 [~, 72.3%] 
(Found: M+, 226.14700. C1sHJsNz requires 226.14700). 
Experimental 177 
3.7 Total Synthesis of Both Enantiomers ofDeplancheine 
I, 1-Dimethylethyl(l2bR)-3 -[(E)ethylidene ]-4-oxo-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2, !-a ]b-carbolin-12-carboxylate (96) 
To a stirred solution of diisopropylamine (1.3 ml, 8.8 mmol) in anhydrous 
tetrahydrofuran (10.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (3.5 
ml, 8.8 mmol) dropwise at 0 oc under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 oc and then cooled to -78 oc whereupon a solution of I, 1-
dimethy!ethyl( 12bR)-4-oxo-1 ,2,3 ,4,6, 7, 12, 12b-octahydropyrido[2, !-a ]b-carbolin-12-
carboxy!ate (82) (1.0 g, 2.9 mrnol) in anhydrous tetrahydrofuran (15.0 m!) was added 
via cannula. The resulting mixture was stirred for a further 30 minutes at -78 oc after 
which time acetaldehyde (1.6 m!, 29.0 mmol) was added dropwise by syringe. The 
reaction was allowed to warm to room temperature overnight and then quenched by 
the addition of saturated aqueous ammonium chloride solution (30.0 m!) and extracted 
with ethyl acetate (2 x 50 m!). The combined organic extracts were dried over 
anhydrous magnesium sulphate and the solvent was removed under reduced pressure 
to yield a yellow oil. The crude oil was dissolved in anhydrous dichloromethane (15.0 
m!) under a nitrogen atmosphere. Triethylamine (1.2 m!, 8.7 mmol) was added and 
the mixture cooled to -40 oc before adding methane sulfonyl chloride (0.34 ml, 4.4 
mrnol). After 20 minutes stirring at -40 oc the reaction was allowed to warm to room 
temperature and stirred for an additional 3 hours. After this time the solvent was 
removed and the mesylate dissolved in anhydrous tetrahydrofuran (35.0 m!) to which 
!,5-diazabicyclo[4.3.0]non-5-ene (1.1 m!, 8.7 mrnol) was added and stirred at room 
temperature for 16 hours. The solvent was removed and the residue re-dissolved in 
dichloromethane (80 m!) which was washed with saturated aqueous ammonium 
chloride solution (60 m!). The organic fraction was dried over anhydrous magnesium 
sulphate and evaporated to dryness to give the crude product. Crude 250 MHz 1H 
NMR revealed formation of the product as a single trans geometrical isomer which 
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was purified by flash column chromatography over silica gel using 5: 1 hexane:ethyl 
acetate as eluent (0.70 g, 65%). 
Trans isomer (96) isolated as a pale yellow oil; [a]o = +140.4 (c = 2.0, CH2Ch); 
Vmax(thin film, DCM)/cm·1 1734 (NC=O(O)'Bu) 1591 (C=C); ~(400 MHz; CDCl3) 
1.47-1.52 (lH, m, C=CCHCH(H)), 1.70 (9H, s, OC(CH3)J), 1.78 (3H, dd, J 8, 4, 
C=CHCH3), 2.40-2.49 (lH, m, C=CCHCH2CH(H)), 2.58-2.64 (lH, m, 
C=CCHCH(H)), 2.71-2.72. (lH, m, C=CCHCH2CH(H)), 2.73-2.76 (2H, m, 
CH2CH2N), 2.84-2.90 (lH, m, CH(H)N), 5.13-5.23 (lH, m, CH(H)N), 5.13-5.23 (lH, 
m, C=CCH), 7.00-7.05 (1H, m, C=CHCH3), 7.23-7.32 (2H, m, ArH), 7.43-7.46 (lH, 
m, ArH), 8.06-8.08 (lH, m, ArH); oc(lOO MHz; CDC13) 13.7 (CH3), 21.5 (CH2), 23.4 
(CH2), 28.2 (3xCHJ), 30.3 (CH2), 39.1 (CH2), 55.1 (CH), 84.2 (C), 115.6 (CH), 118.2 
(C), 118.3 (CH), 123.0 (CH), 124.5 (CH), 128.6 (C), 129.3 (C), 134.2 (CH), 135.0 
(C), 136.7 (C), 150.2 (NC(0)01Bu), 164.9 (NC=O); MS (El) mlz 366 [M\ 8.9%] 
(Found: M\ 366.19484. C22H26N203 requires 366.19434). 
When the DBN elimination was carried out in a 1:1 mixture of tetrahydrofuran and 
dichloromethane a 4. 7:1 mixture of trans:cis geometrical isomers was obtained; these 
were separated by column chromatography over silica gel using 5:1 hexane:ethyl 
acetate as eluent. 
Cis isomer isolated as a yellow oil; [a]o = +218.4 (c = 4.0, CH2Ch); Vmax(thin film, 
DCM)/cm·1 1731 (NC=O(O)'Bu) 1660 (C=C); ~(400 MHz; CDCh) 1.22-1.533 (2H, 
m, C=CCHCH2), 1.69 (9H, s, OC(CH3)J), 2.15-2.18 (3H, m, C=CHCH3), 2.47-2.52 
(1H, m, C=CCHCH2CH(H)), 2.57-2.62 (lH, m, C=CCHCH2CH(H)), 2.73-2.78 (2H, 
m, CH2CH2N), 2.80-2.88 (1H, m, CH(H)N), 5.06-5.18 (lH, m, CH(H)N), 5.06-5.18 
(1H, m, C=CCH), 5.92-5.97 (1H, m, C=CHCH3), 7.23-7.32 (2H, m, ArH), 7.44-7.47 
(lH, m, ArH), 8.04-8.06 (lH, m, ArH); oc(lOO MHz; CDCh) 15.8 (CH3), 21.6 (Gh), 
28.2 (3xCHJ), 30.3 (CH2), 30.6 (CH2), 38.8 (CH2), 55.7 (CH), 84.2 (C), 115.5 (CH), 
118.3 (CH), 118.4 (C), 123.0 (CH), 124.5 (CH), 128.7 (C), 128.7 (C), 135.4 (CH), 
136.8 (C), 136.8 (CH), 150.2 (NC(O)O'Bu), 165.4 (NC=O); MS (El) m/z 366 [M\ 
13.1 %] (Found: M\ 366.19395. C22H26N20l requires 366.19434). 
Experimental 179 
(12bR)-3-[ (E)Ethylidene ]-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-4-one 
(97) 
1, 1-dimethylethyl(12bR)-3-[ (E)ethylidene ]-4-oxo-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-12-carboxylate (96) (0.7 g, 1.91 mmol) was 
dissolved in anhydrous tetrahydrofuran (8.0 m!) under a nitrogen atmosphere. A 1.0 
M solution oftetrabutylammonium fluoride in tetrahydrofuran (19.1 m!, 19.1 mmol) 
was then added and the mixture was heated under reflux for 9 hours. After this time 
the mixture was cooled to room temperature and water (30.0 m!) was added. The 
mixture was extracted with ethyl acetate (2 x 50.0 m!) and the organic fractions were 
dried over anhydrous magnesium sulphate and the solvent removed on the rotary 
evaporator. The crude product was adsorbed onto silica gel and purified by flash 
column chromatography over silica gel using 3:1 hexane:ethyl acetate as eluent to 
give the target compound as a yellow solid (0.32 g, 63%), a portion of which was 
recrystallised from diethyl ether to give a yellow crystalline solid; Mp 198-202 °C; 
[a]o = +77.2 (c = 1.0, CHzCh); vmax(thin film, DCM)/cm-1 3238 (NH), 1746 (NC=O); 
~(400 MHz; CDCh) 1.72-1.82 (IH, m, C=CCHCH(H)), 1.77 (3H, dd, J 8, 4, 
C=CHCH3), 2.31-2.41 (IH, m, C=CCHCHzCH(H)), 2.50-2.58 (1H, m, 
C=CCHCH(H)), 2.77-2.97 (4H, m, C=CCHCHzCH(H) + CHzCHzN + CH(H)N), 
4.81-4.84 (IH, m, C=CCH), 5.18-5.25 (IH, m, CH(H)N), 7.00-7.06 (IH, m, 
C=CHCH3), 7.09-7.19 (2H, m, ArH), 7.31-7.34 (IH, m, ArH), 7.49-7.51 (IH, m, 
ArH) 8.57 (IH, br, s, NH); oc(100 MHz; CDCh) 13.7 (CH3), 21.1 (CHz), 22.7 (CHz), 
28.9 (CHz), 40.6 (CHz), 54.0 (CH), 109.4 (C), 111.0 (CH), 118.3 (C), 119.6 (CH), 
122.0 (CH), 126.8 (C), 129.2 (C), 133.4 (C), 134.1 (CH), 136.4 (C), 164.7 (NC=O); 
MS (El) mlz 266 [M+, 100%] (Found: M\ 266.14191. C11HJsNzO requires 
266.14191). 
Experimental 180 
(12bR)-3-[ (E)Ethylidene ]-1 ,2,3 ,4,6,7 ,12,12b-octahydropyrido[2, 1-a ]b-carboline R-
(91)69 
A slurry of (12bR)-3-[(E)ethylidene ]-1 ,2,3,4,6,7 ,12,12b-octahydropyrido[2,1-a]b-
carbolin-4-one (97) (0.32 g, 1.2 mmol) and trimethyloxonium tetrafluoroborate (0.48 
g, 3.3 mmol) in anhydrous dichloromethane (40.0 m!) containing 2,6-di-tert-
butylpyridine (0.80 m!, 3.5 mmol) was stirred at room temperature under nitrogen for 
21 hours. After this time the reaction was cooled to 0 oc and anhydrous methanol 
(16.0 m!) was added. After 15 minutes sodium borohydride (0.48 g,, 12.0 mmol) was 
added carefully and the mixture stirred at 0 °C for a further 30 minutes. The reaction 
was warmed to room temperature and saturated aqueous sodium bicarbonate solution 
( 40.0 m!) and ethyl acetate ( 40.0 m!) were added. The layers were separated and the 
aqueous layer extracted with ethyl acetate (2 x 30.0 ml). The combined organic 
fractions were dried over anhydrous magnesium sulphate and the solvent removed 
under reduced pressure to give the crude product which was adsorbed onto silica gel 
and purified by flash column chromatography over silica gel eluting with 98:2 ethyl 
acetate:trieihylamine. The target compound was isolated as a yellow solid (0.23 g, 77 
% ), a portion of which was recrystallised from dichloromethane to yield yellow 
needles; Mp 139.5-140.5 oc (lit.69 Mp 140 °C); [a]0 = +52.0 (c = 1.0, CHCh) (lit.69 
[a]o =56± 2 (c = l.O,CHC!3)); vmax(thin film, DCM)/cm"1 3455 (NH); ~(400 MHz; 
CDCh) 1.52-1.60 (IH, m, C=CCHCH(H)), 1.63 (3H, d, J 8, C=CHCH3), 1.95-2.02 
(lH, m, C=CCHCH2CH(H)), 2.15-2.20 (lH, m, C=CCHCH(H)), 2.61-2.75 (2H, m, 
CH(H)CH2N + NCH(H)C=CHCH3), 2.80-2.84 (lH, m, C=CCHCH2CH(H)), 2.98-
3.11 (3H, m, CH(H)CH2N + NCH(H)C=CHCH3 + CH(H)N), 3.32-3.35 (IH, m, 
CH(H)N), 3.38-3.41 (lH, m, C=CCH), 5.43 (1H, q, J 8, C=CHCH3), 7.06-7.15 (2H, 
m, ArH), 7.30-7.33 (lH, m, ArH), 7.46-7.48 (IH, m, ArH), 7.76 (lH, br, s, NH); 
oc(100 MHz; CDCh) 12.7 (Clh), 21.6 (Cl-h), 25.9 (Clh), 30.3 (Cl-h), 52.9 (Clh), 
60.2 (CH), 63.5 (CH2), 108.4 (C), 110.7 (CH), 118.2 (CH), 119.4 (CH), 119.4 (CH), 
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121.3 (CH), 127.4 (C), 134.0 (C), 134.6 (C), 136.0 (C); MS (El) mlz 252 [M\ 98.6%] 
(Found: M\ 252.16261. C11HzoNz requires 252.16265). 
Experimental 182 
1, 1-Dimethylethyl( 12bS)-3-[(E)ethylidene ]-4-oxo-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2, 1-a ]b-carbolin-12-carboxylate (98) 
To a stirred solution of diisopropylamine (1.1 ml, 7.9 mmol) in anhydrous 
tetrahydrofuran (10.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (3.3 
ml, 7.9 mmol) dropwise at 0 °C under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 °C and then cooled to -78 oc whereupon a solution of 1, l-
dimethylethyl(12bS)-4-oxo-l ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-12-
carboxylate (89) (0.9 g, 2.7 mmol) in anhydrous tetrahydrofuran (15.0 m!) was added 
via cannula. The resulting mixture was stirred for a further 30 minutes at -78 oc after 
which time acetaldehyde (1.5 ml, 27.0 mmol) was added dropwise by syringe. The 
reaction was allowed to warm to room temperature overnight and then quenched by 
the addition of saturated aqueous ammonium chloride solution (30.0 ml) and extracted 
with ethyl acetate (2 x 50 m!). The combined organic extracts were dried over 
anhydrous magnesium sulphate and the solvent was removed under reduced pressure 
to yield a yellow oil. The crude oil was dissolved in anhydrous dichloromethane (15.0 
m!) under a nitrogen atmosphere. Triethylamine (1.1 ml, 7.9 mmol) was added and 
the mixture cooled to -40 oc before adding methane sulfonyl chloride (0.31 ml, 4.0 
mmol). After 20 minutes stirring at -40 oc the reaction was allowed to warm to room 
temperature and stirred for an additional 3 hours. After this time the solvent was 
removed and the mesylate dissolved in anhydrous tetrahydrofuran (35.0 ml) to which 
1,5-diazabicyclo[4.3.0]non-5-ene (1.0 ml, 7.9 mmol) was added and stirred at room 
temperature for 16 hours. The solvent was removed and the residue re-dissolved in 
dichloromethane (80. m!) which was washed with saturated aqueous anunonium 
chloride solution (60 ml). The organic fraction was dried over anhydrous magnesium 
sulphate and evaporated to dryness to give the crude product. Crude 250 MHz 1H 
NMR revealed formation of the product as a single trans geometrical isomer which 
was purified by flash column chromatography over silica gel using 5:1 hexane:ethyl 
acetate as eluent (0.69 g, 71 %). 
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Trans isomer (98) isolated as a pale yellow oil; [a]o = -181.9 (c = 3.0, CHzClz); 
Vmax(thin film, DCM)/cn11 1734 (NC=O(O)'Bu) 1582 (C=C); M400 MHz; CDCh) 
1.42-!.53 (IH, m, C=CCHCH(H)), 1.69 (9H, s, OC(CH3)3), 1.77 (3H, d, J 8, 
C=CHCH3), 2.39-2.47 (IH, m, C=CCHCH2CH(H)), 2.59-2.63 (IH, m, 
C=CCHCH(H)), 2.71-2.72 (IH, m, C=CCHCH2CH(H)), 2.72-2.74 (2H, m, 
CHzCHzN), 2.82-2.89 (1H, m, CH(H)N), 5.13-5.27 (1H, m, CH(H)N), 5.13-5.27 (IH, 
m, C=CCH), 6.98-7.03 (IH, m, C=CHCH3), 7.21-7.31 (2H, m, ArH), 7.42 (1H, d, J8, 
ArH), 8.08 (IH, d, J 8, ArH); <>c(100 MHz; CDCI)) 13.6 (CH3), 21.5 (CH2), 23.3 
(CHz), 28.2 (3xCHJ), 30.3 (CHz), 39.0 (CHz), 55.1 (CH), 84.2 (C), 115.6 (CH), 118.1 
(C), 118.2 (CH), 123.0 (CH), 124.5 (CH), 128.6 (C), 129.4 (C), 134.0 (CH), 135.0 
(C), 136.7 (C), 150.0 (NC(O)O'Bu), 164.7 (NC=O); MS (El) rn!z 366 [M\ 14%] 
(Found: M\ 366.19484. CzzHz6Nz03 requires 366.19434). 
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(12bS)-3-[ (E)Ethylidene ]-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-4-one 
(99) 
I, 1-dimethylethyl(l2bS)-3-[ (E)ethylidene ]-4-oxo-1 ,2,3,4,6, 7, 12, 12b-
octahydropyrido[2,1-a]b-carbolin-12-carboxylate (98) (0.69 g, 1.9 rnmol) was 
dissolved in anhydrous tetrahydrofuran (5.0 m!) under a nitrogen atmosphere. A 1.0 
M solution of tetrabutylarnmonium fluoride in tetrahydrofuran (19.0 m!, 19.0 mmol) 
was then added and the mixture was heated under reflux for 9 hours. After this time 
the mixture was cooled to room temperature and water (30.0 m!) was added. The 
mixture was extracted with ethyl acetate (2 x 50.0 m!) and the organic fractions were 
dried over anhydrous magnesium sulphate and the solvent removed on the rotary 
evaporator. The crude product was adsorbed onto silica gel and purified by flash 
column chromatography over silica gel using 3:1 hexane:ethyl acetate as eluent to 
give the target compound as a yellow solid (0.29 g, 58%), a portion of which was 
recrystallised from diethyl ether to give a yellow solid; Mp 195-197 oc; [a.]o = -43.6 
(c = 1.0, CH~Clz); Vffiax(thin film, CHzClz)/cm"1 3466 (NH), 1740 (NC=O); 4!(400 
MHz; CDCb) 1.69-1.81 (IH, m, C=CCHCH(H)), 1.75 (3H, dd, J 8; 4, C=CHCH3), 
2.29-2.39 (IH, m, C=CCHCH2CH(H)), 2.54-2.62 (IH, m, C=CCHCH(H)), 2.76-2.97 
(4H, m, C=CCHCH2CH(H) + CH2CH2N + CH(H)N), 4.79-4.83 (lH, m, C=CCH), 
5.20-5.24 (IH, m, CH(H)N), 7.00-7.06 (IH, m, C=CHCH3), 7.08-7.18 (2H, m, ArH), 
7.31-7.33 (IH, m, ArH), 7.48-7.50 (IH, m, ArH) 8.83 (IH, br, s, NH); oc(100 MHz; 
CDCh) 13.7 (CH3), 21.1 (CH2), 22.7 (CH2), 28.9 (CH2), 40.7 (CH2), 54.0 (CH), 109.3 
(C), 111.1 (CH), 118.3 (C), 119.6 (CH), 121.9 (CH), 126.8 (C), 129.3 (C), 133.4 (C), 
134.1 (CH), 136.5 (C), 164.8 (NC=O); MS (El) m/z 266 [M\ 100%] (Found: M\ 
266.14191. C17HtsN20 requires 266.14191). 
Experimental 185 
( 12bS)-3-[ (E)Ethylidene ]-1 ,2,3,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carboline S-
(91) 73 
A slurry of (12bS)-3-[(E)ethylidene ]-1 ,2,3,4,6,7, 12,12b-octahydropyrido[2, 1-a]b-
carbolin-4-one (99) (0.15 g, 0.56 mmol) and trimethyloxonium tetrafluoroborate (0.23 
g, 1.5 mmol) in anhydrous dichloromethane (19.0 ml) containing 2,6-di-tert-
butylpyridine (0.36 m!, 1.6 mmol) was stirred at room temperature under nitrogen for 
21 hours. After this time the reaction was cooled to 0 °C and anhydrous methanol (8.0 
m!) was added. After 15 minutes sodium borohydride (0.22 g, 5.8 mmol) was added 
carefully and the mixture stirred at 0 oc for a further 30 minutes. The reaction was 
warmed to room temperature and saturated aqueous sodium bicarbonate solution 
(20.0 m!) and ethyl acetate (20.0 m!) were added. The layers were separated and the 
aqueous layer extracted with ethyl acetate (2 x 20.0 m!). The combined organic 
fractions were dried over anhydrous magnesium sulphate and the solvent removed 
under reduced pressure to give the crude product which was adsorbed onto silica gel 
and purified by flash column chromatography over silica gel eluting with 98:2 ethyl 
acetate:triethylamine. The target compound was isolated as· a yellow solid (0.09 g, 
64%), a portion of which was recrystallised from dichloromethane to yield a yellow 
crystalline solid; Mp 136-138 °C (lit.73 Mp 139-140 °C); [a] 0 = -52.4 (c = 1.0, 
CHCIJ) (lit.73 [a]o =-56± 2 (c = 1.0, CHCh}); Vmax(thin film, DCM)/crn·1 3455 (NH); 
41{400 MHz; CDCh) 1.50-1.60 (lH, m, C=CCHCH(H)), 1.62 (3H, d, J 8, 
C=CHCH3), 1.94-2.01 (lH, m, C=CCHCHzCH(H)), 2.13-2.18 (lH, m, 
C=CCHCH(H)), 2.61-2.74 (2H, m, CH(H)CH2N + NCH(H)C=CHCH3), 2.79-2.82 
(1H, m, C=CCHCHzCH(H)), 2.99-3.10 (3H, m, CH(H)CHzN + NCH(H)C=CHCHJ + 
. CH(H)N), 3.32-3.35 (lH, m, CH(H)N), 3.37-3.40 (1H, m, C=CCH), 5.43 (lH, q, J 8, 
C=CHCH3), 7.06-7.15 (2H, m, ArH), 7.29-7.31 (1H, m, ArH), 7.46-7.48 (lH, m, 
ArH), 7.77 (lH, br, s, NH); oc(100 MHz; CDC!3) 12.7 (CH3), 21.6 (CHz), 25.9 (CHz), 
30.3 (CHz), 52.9 (CHz), 60.2 (CH), 63.5 (CHz), 108.3 (C), 110.7 (CH), 118.2 (CH), 
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119.4 (CH), 119.4 (CH), 121.3 (CH), 127.4 (C), 134.0 (C), 134.7 (C), 136.0 (C); MS 
(El) mlz 252 [M\ 100%] (Found: M\ 252.16261. C17HzoNz requires 252.16265). 
Experimental 187 
(12bS)-3-[ (E)Ethylidene ]-1 ,2,3 ,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carboline S-
(91)73 
(12bS)-3-[(E)ethylidene ]-1 ,2,3 ,4,6, 7, 12, 12b-octahydropyrido[2, 1-a ]b-carbolin-4-one 
(99) (0.15 g, 0.56 rnrnol) was dissolved in anhydrous ethylene glycol dimethyl ether 
(12.0 m!) and the resulting solution was cooled to 0 °C, A 1.0 M solution of 
diisobutylaluminium hydride ( 4.1 m!, 4.1 mmol) was added dropwise at 0 oc before 
allowing the mixture to warm to room temperature and stirring for another 1 hour. 
After 1 hour stirring at room temperature the reaction was quenched with methanol 
(12.0 m!) and water (1.0 m!); Ethyl acetate ( 40.0 m!) and aqueous sodium potassium 
tartrate solution ( 40.0 m!) were added and the layers separated. The aqueous layer was 
extracted with ethyl acetate (2 x 20.0 m!). The combined organic fractions were dried 
over anhydrous magnesium sulphate and the solvent removed under reduced pressure 
to give the crude product which was adsorbed onto silica and purified by flash column 
chromatography over silica eluting with 98;2 ethyl acetate;triethylamine. The target 
compound was isolated as a yellow solid (0.09 g, 64%), a portion of which was 
recrystallised from dichloromethane to yield a yellow crystalline solid which was 
identical in all respects to the compound prepared by the alternative route except for 
[a]o = -58.4 (c = 1.0, CHCI3). 
Experimental 188 
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Chapter4 
Appendix 
4.1 X-ray Data 
4.1.1 (5S,11 bS)-5-(hydroxymethyl)-11 b-methyl-2,3,5,6,11,11 b-hexahydro-1H-
pyrrolo(2,1-a)b-carbolin-3-one (14) 
Table 1. Crystal data and structure refinement. 
Identification code (14) 
Chemical formula Ct6.zsHts.soCio.soNzOz 
Formula weight 291.56 
Temperature 150(2) K 
Radiation, wavelength MoKa, 0.71073 A 
Crystal system, space group tetragonal, 14 
Unit cell parameters a= 19.5077(16) A a=90° 
b = 19.5077(16) A ~ = 90° 
c = 8.2691(10) A y= 90° 
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Cell volume 
z 
Calculated density 
Absorption coefficient ~ 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Appendix 
3I46.8(5) A.3 
8 
1.23I p)cm3 
O.I63 =-I 
I236 
colourless, 1.5I X 0.16 X 0.06 mm3 
4II7 (9 range 2.68 to 25.60°) 
Bruker SMART 1000 CCD 
diffractometer oo rotation with narrow 
frames 
2.09 to 28.87° 
h -24 to 25, k -26 to 25, I -11 to 11 
99.9% 
0% 
I39I8 
3804 (Rint = 0.0472) 
2766 
semi-empirical from equivalents 
0.79I and 0.990 
direct methods 
Full-matrix least-squares on F2 
0.0452, 1.1I29 
3804 I I I 200 
RI = 0.0435, wR2 = 0.0932 
RI= 0.0752, wR2 = O.I085 
1.024 
-0.3(2) 
0.000 and 0.000 
0.235 and -0.264 e A.-3 
I94 
Table 2. Hydrogen bonds [A and 0 ]. 
D-H ... A 
N(2)-H(2) ... 0(2*) 
0(2)-H(2A) ... O(I) 
d(D-H) 
0.88(3) 
0.90(3) 
Symmetry operations for equivalent atoms 
* x,y,z-1 
Appendix 
d(H ... A) 
1.92(3) 
1.76(3) 
d(D ... A) 
2.788(3) 
2.597(2) 
<(DHA) 
168(2) 
154(3) 
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4.1.2 (3S,8aS)-3-(1H-lndol-3-ylmethyl)perhydropyrido [2,1-b I [1,3) oxazol-5-one 
(46a) 
)lN: u~ 
H 
Table 1. Crystal data and structure refinement. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
z 
Calculated density 
Absorption coefficient J..L 
Appendix 
(46a) 
Ct6HtsNzOz 
270.32 
150(2) K 
MoKa, 0.71073 A 
monoclinic, !2 
a= 13.1781(14) A 
b = 6.5138(7) A 
c = 16.3036(18) A 
1385.3(3) A3 
4 
1.296 glcm3 
0.086mm-1 
~ = 98.163(2)0 
y= 90° 
196 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to e = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Appendix 
576 
colourless, 2.40 x 0.26 x 0.18 mm3 
3141 (0 range 2.52 to 28.92°) 
Bruker SMART 1000 CCD 
diffractometer eo rotation with narrow 
frames 
1.86 to 28.92° 
h -17 to 10, k -8 to 8,1-22 to 20 
99.9% 
0% 
5817 
3100 (Rint = 0.0389) 
2937 
semi-empirical from equivalents 
0.819 and 0.985 
direct methods 
Full-matrix least-squares on F2 
0.1396, 0.2705 
310011 I 184 
R1 = 0.0716, wR2 = 0.1874 
R1 = 0.0733, wR2 = 0.1900 
1.113 
1.3(17) 
0.001 and 0.000 
0.189 and -0.298 e A-3 
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4.1.3 ( 6S,12 bR)-6-(hydroxymethyl)-1,2,3,4,6, 7,12,12 b-octahydropyrido [2,1-a] b-
carbolin-4-one ( 47) 
Table 1. Crystal data and structure refmement. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
z 
Appendix 
(47) 
Ct6HtaN202 
270.32 
150(2) K 
MoKa, 0.71073 A 
monoclinic, P2t 
a= 8.0611(7) A 
b = 9.2410(7) A 
c = 9.9786(8) A 
698.45(10) N 
2 
a=90° 
~ = 110.01(2)0 
y= 90° 
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Calculated density 
Absorption coefficient J.l 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to 0 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Appendix 
1.285 g/cm3 
0.086mm-1 
288 
colourless, 0.51 X 0.30 x 0.18 mm3 
4666 (0 range 2.20 to 28.74°) 
Bruker SMART 1000 CCD 
diffractometer oo rotation with narrow 
frames 
2.17 to 28.92° 
h -10 to 10, k -12 to 12,1-13 to 13 
99.9% 
0% 
6217 
3182 (Rint = 0.0126) 
3027 
semi-empirical from equivalents 
0.958 and 0.985 
direct methods 
Full-matrix least-squares on F2 
0.0490, 0.0836 
3182111187 
R1 = 0.0311, wR2 = 0.0805 
R1 = 0.0328, wR2 = 0.0821 
1.049 
0.2(8) 
0.000 and 0.000 
0.193 and -0.177 e A-3 
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Table 2. Hydrogen bonds [A and 0 ]. 
D-H ... A 
N(12)-H(12) ... 0(15') 
0(15)-H(15) ... 0(13") 
d(D-H) 
0.912(17) 
0.82(2) 
d(H ... A) 
1.872(17) 
1.83(2) 
d(D ... A) <(DHA) 
2.7765(14) 171.0(15) 
2.6372(13) 169(2) 
Symmetry operations for equivalent atoms ' -x,y+ 1/2,-z+ I " -x,y-1/2,-z 
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4.1.4 (6R,l2bS)-6-(hydroxymethyl)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]b-
carbolin-4-one (SO) 
!$'-OH 
l 0 
H15l 
Table 1. Crystal data and structure refmement. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
z 
Appendix 
(SO) 
C16H1sNzOz 
270.32 
120(2) K 
MoKa, 0.71073 A 
monoclinic, p21 
a= 8.0297(4) A 
b = 9.2199(5) A 
c = 9.9759(5) A 
693.19(6) A3 
2 
a=90° 
~ = 110.18(3)0 
r= 9oo 
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Calculated density 
Absorption coefficient 1.1 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to e = 26.50° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Extinction coefficient 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Appendix 
1.295 g!cm3 
0.086mm-1 
288 
colourless, 0.14 x 0.10 x 0.08 mm3 
17065 (9 range 2.91 to 27 .48°) 
EnrafNonius KappaCCD area detector 
phi and omega scans to fill Ewald sphere 
3.10 to 27.56° 
h -10 to 10, k -11 to 11,1-11 to 12 
99.7% 
0% 
11109 
3159 (Rint = 0.0632) 
2751 
semi-empirical from equivalents 
0.9880 and 0.9931 
direct methods 
Full-matrix least-squares on F2 
0.0481, 0.1693 
3159 I 11188 
R1 = 0.0435, wR2 = 0.0992 
R1 = 0.0545, wR2 = 0.1057 
1.033 
-0.7(12) 
0.058(8) 
0.000 and 0.000 
0.216 and -0.169 e A-3 
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Table 2. Hydrogen bonds [A and 0 ]. 
D-H ... A 
N(12}-H(12) ... 0(15A) 
0(15}-H(15) ... 0(13B) 
d(D-H) 
0.95(3) 
0.86(3) 
Symmetry operations for equivalent atoms 
d(H ... A) 
1.84(3) 
1.78(3) 
A -x+1,y-112,-z+1 B -x+1;y+ll2,-z+2 
d(D ... A) <(DHA) 
2.775(2) 170(2) 
2.6312(19) 169(3) 
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4.1.5 (6S,l2bS)-6-(hydroxymethyl)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]b-
carbolin-4-one (57) 
Table 1. Crystal data and structure refmement. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
z 
Calculated density 
Appendix 
(57) 
C16H1sNzOz 
270.32 
150(2) K 
MoKa, 0.71073 A 
orthorhombic, P2I2I2I 
a= 6.8864(5) A 
b = 13.5051(10) A 
c = 14.4236(10) A 
1341.42(17) A3 
4 
1.339 glcm3 
f3 = 9QO 
y= 90° 
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Absorption coefficient ~ 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to 8 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Appendix 
0.089mm-1 
576 
Colourless, 0.69 x 0.32 x 0.13 mm3 
5922 (8 range 2.82 to 28.16°) 
Broker SMART 1000 CCD 
diffractometer ro rotation with narrow 
frames 
2.07 to 28.80° 
h-9 to 9, k-17 to 17,1-18 to 18 
100.0% 
0% 
11490 
3153 (Rint = 0.0205) 
2899 
semi-empirical from equivalents 
0.941 and 0.989 
direct methods 
Full-matrix least-squares on F2 
0.0525, 0.1126 
3153101187 
RI = 0.0333, wR2 = 0.0837 
RI = 0.0373, wR2 = 0.0865 
1.049 
0.7(10) 
0.000 and 0.000 
0.199 and -0.179 e A-3 
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Table 2. Hydrogen bonds (A and 0 ). 
D-H ... A 
N(12)-H(12) ... 0(15') 
0(15)-H(15) ... 0(13 ") 
d(D-H) 
0.861(16) 
0.79(2) 
Symmetry operations for equivalent atoms 
' -x+1,y+l/2,-z+l/2 " x-1,y,z 
d(H ... A) 
1.932(16) 
1.86(2) 
d(D ... A) <(DHA) 
2.7819(15) 168.9(15) 
2.6534(14) 176.4(19) 
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4.1.6 (12bR)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]b-carbolin-4-one (72) 
Table 1. Crystal data and structure refmement. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
z 
Calculated density 
Absorption coefficient Jl 
F(OOO) 
Crystal colour and size 
Appendix 
(72) 
CtsHt6N20 
240.30 
150(2) K 
MoKa, 0.71073 A 
orthorhombic, Pbca 
a= 12.2720(9) A 
b = 13.2782(10) A 
c = 15.0736(11) A 
2456.2(3) A3 
8 
1.300 g/cm3 
0.083 mm-1 
1024 
a=90° 
P=9oo 
y= 90° 
yellow, 0.65 x 0.30 x 0.16 mm3 
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Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to 6 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shiftlsu 
Largest dif£ peak and hole 
Table 2. Hydrogen bonds [A and 0 ). 
D-H. .. A d(D-H) 
N(12}-H(12) ... 0(13') 0.902(17) 
Symmetry operations for equivalent atoms 
' -x+ 1/2,y+ 112,z 
Appendix 
5622 (6 range 2.63 to 27.6°) 
Bruker SMART 1000 CCD 
diffractometer eo rotation with narrow 
frames 
2.63 to 29.08° 
h-16to 16,k-18 to 17,1-19to 19 
100.0% 
0% 
20279 
3061 (Rint = 0.0334) 
2196 
semi-empirical from equivalents 
0.948 and 0.987 
direct methods 
Full-matrix least-squares on F2 
0.0545, 0.9661 
3061101166 
R1 = 0.0426, wR2 = 0.1049 
RI = 0.0703, wR2 = 0.1235 
1.021 
0.000 and 0.000 
· 0.295 and -0.190 eA -J 
d(H ... A) d(D ... A) <(DHA) 
1.901(17) 2.7797(16) 163.9(15) 
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4.1.7 (12bS)-(-)-1,2,3,4,6,7,12,12b-octahydroindolo[2,3-a]quinolizine (84) 
I 
I 
Hlf3l I la'" 
HI13A) 
Table 1. Crystal data and structure refinement. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
z 
Calculated density 
Absorption coefficient 11 
Appendix 
(84) 
C1sH19NzOo.so 
235.32 
150(2) K 
MoKa, 0.71073 A 
monoclinic, C2 
a= 19.0934(15) A 
b = 6.4926(5) A 
c = 10.3821(8) A 
1286.60(17) N 
4 
1.215 glcm3 
0.075 =-l 
f3 = 91.481(2)0 
y=90° 
209 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to 6 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Appendix 
508 
yellow, 0.82 x 0.64 X 0.29 mm3 
4199 (6 range 2.86 to 28.76°) 
Bruker SMART 1000 CCD 
diffractometer ro rotation with narrow 
frames 
1.96 to 28.77° 
h -25 to 24, k -8 to 8, 1-13 to 13 
99.8% 
0% 
5681 
1681 (Rint = 0.0150) 
1591 
semi-empirical from equivalents 
0.941 and 0.979 
direct methods 
Full-matrix least-squares on p2 
0.0514,0.2871 
1681 I 1 I 166 
RI = 0.0305, wR2 = 0.0808 
Rl = 0.0323, wR2 = 0.0828 
1.038 
-10(10) 
0.000 and 0.000 
0.170 and -0.178 e A-3 
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Table 2. Hydrogen bonds for [A and 0 ]. 
D-H ... A 
0(13)-H(13) ... N(5A) 
N(12)-H(12) ... 0(13) 
d(D-H) 
0.88(2) 
0.88(2) 
Symmetry operations for equivalent atoms 
A x,y+1,z 
Appendix 
d(H ... A) 
2.17(2) 
2.14(2) 
d(D ... A) <(DHA) 
3 .0360(15) 165(2) 
3.0211(17) 172.9(19) 
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4.1.8 (12 bR)-3-[ (E)ethylidene ]-1,2,3,4,6, 7,12,12 b-octahydropyrido [2,1-a] b-
carboline R-(91) 
Table 1. Crystal data and structure refinement. 
Identification code R-(91) 
Chemical formula C11H21N20o.so 
Formula weight 261.36 
Temperature 150(2) K 
Radiation, wavelength MoKa, 0.71073 A 
Crystal system, space group monoclinic, P21 
Unit cell parameters a= 12.7620(16)A a=90° 
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Cell volume 
z 
Calculated density 
Absorption coefficient!! 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to e = 25.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Extinction coefficient 
Largest and mean shift!su 
Largest diff. peak and hole 
Appendix 
b = 6.8946(9) A 
c = 17.222(2) A 
1498.5(3) N 
~ = 98.533(2)0 
4 
1.158 glcm3 
0.070rnm-1 
564 
r= 9oo 
yellow, 0.58 x 0.24 x 0.19 rnm3 
2638 (6 range 2.39 to 26.93°) 
Bruker SMART 1000 CCD 
diffractometer ro rotation with narrow 
frames 
1.61 to 25.00° 
h -15 to 14, k -7 to 8, l-20 to 20 
99.4% 
0% 
8486 
4933 (Rint = 0.0318) 
3705 
semi-empirical from equivalents 
0.960 and 0.987 
direct methods 
Full-matrix least-squares on F2 
0.0439,0.1475 
4933 I I I 367 
RI= 0.0429, wR2 = 0.0918 
RI= 0.0687, wR2 = 0.1051 
1.017 
0.4(19) 
0.0041(11) 
0.000 and 0.000 
0.148 and -0.143 e A-3 
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Table 2. Hydrogen bonds [A and 0 ). 
D-H ... A 
N(12)-H{l2) ... 0(15) 
0(15)-H(15A) ... N(20) 
0(15)-H(15B) ... N(SA) 
d(D-H) 
0.92(3) 
0.93(3) 
0.86(3) 
Syrrunetry operations for equivalent atoms 
A x,y+1,z 
Appendix 
d(H ... A) 
1.85(3) 
1.98(3) 
2.00(4) 
d(D ... A) 
2.766(3) 
2.894(3) 
2.845(3) 
<(DHA) 
176(3) 
169(3) 
167(3) 
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Stereoselective synthesis of the indolizinoindole ring system 
Steven M. Allin,a."' Christopher I. Thomas,• James E. Allard,• Matthew Duncton," 
Mark R. J. Elsegood' and Mark Edgar:" 
~ Depurtmtml of Cht:mhtry, Louglrboro11gh Unil't!rsity, Lougl!bmorrgh, U:ia:rrersillrt LE 11 JTU, UK 
'bOSJ P/Jarnuu:ettrku/s, Watli'ngtan Road, Oxford OX4 6LT, UK 
Rco::ivcd 10 DecQmber 2002: revised 14 J1nuary 2003; accepted 2o4 Jillluary 2003 
Ab!ilrsci-We report a novel, facile and stereoselective approach to the indo1izino!8,7-b]indolc ring system rrom a rco.dily 
available, non·ncemic chiral template. 0 2003 Elsevier Science Ltd. All rights rcsttvtd. 
Jndolizino[8,7-b]indoles of general structure 1 are of 
interest to the phannaceutical industry having been 
used as intennediates in the preparation of diuretic 
compounds,1 and al'e also known to exhibit analgesic 
and anti~intlammatory activity in their own right.2 
Other. more functionalised, templates such as l have 
been shown to act as jl.turn mimics and display high 
binding affinity and selectivity for CCK1 receptors.) 
The lactam homologue 3 is perhaps of greater signifi· 
cancc in natural product chemistry. sharing the same 
heterocyclic skeleton with a plethora of highly bioactive 
indole alkaloids. including tacamine;1 geissoschizine,s 
and ajmalicine 4.' 
ously used in our group.? The P,.amino alcohol deriva~ 
tivc of (S}-tryptophan was reacted under Dean-Stark 
conditions with the appropriate keto~acid for 4& h 
(Scheme 1). Under these reaction conditions we were 
able to isolate the expected bicyclic lactam Sin only 3% 
yield. The major product of the reaction, isolated in 
SS% yield, was found to be the target indofizino{8,7· 
b ]indole derivative 6.1 
Examination of the crude reaction mixture by 250 MHz 
1H NMR spectroscopy revealed the formatfon of 6 as a 
single diastereoisomer. 
% ~, .-Cco,t<% ~ o "o ~ 0 0 H t1 •. " ...... li H R H 0 
1 2 NHZ 3 4Me~ 
Over recent years. we have reported a new approach to 
a range of non~racemic heterocycles involving s!ereose· 
lective cyclisation onto N·acyliminium intermediates as 
the key ring~forming step. Based on our novel and 
stereoseleclive approach to both the isoindoloisoquino .. 
line and pyrroloisoquinoline ring systerns,7 we rccog~ 
nised thal a suitably substituted bicyclic lactam could 
act as a precursor for a stereoselective approach to the 
indolizlno[8,7-b]indole ring system. 
Our approach lo the synthesis of the required bicyclic 
lactam subsh-ate 5 followed the general method previ~ 
"'Com:sponding ~author. E·muil: s.m.:~llin@lboro.uc.uk 
The relative stereochemistry of product 6 was deter~ 
mined by single crystal X·ray analysis (Fig. l),.and was 
found to be as ex.pected based on our experience of 
cyclisation reactions involving similar N~acyliminium 
precursors. Effectively, retention of configuration at the 
methyl~bearing chiral centre is observed if one considers 
bicyclic Jactam 5 to be an intermediate. 7b ... 
rnterestingly, compound 6 was observed to fomt two 
crystallographically unique hydrogen bonds: one 
intramolecular 0(2)-H(2A)···0(1) {0(1)···0(2)~ 
2.597(2) A, 0(2)-H(2A)···O(I)~ 154"} and one inlet· 
'!'olecular N(2)-H(2)···0(2A) (N(2)···0(2A}-2.788(J) 
A, N(2)-H(2)···0(2A)= 168") forming chains along the 
. crystnllographic c~direction.• 
0040-4039{03j$ • sco (ront nm!lcr Cl 2003 Elscvicr Scillncc Ltd. All righll reserved. 
doi: 10.10 16JS004().4039(03}002S0.8 
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0-i-CoH re; 
~r NH2 + '1'0 
... 
Sd!.eme I. 
loluene, 11 
••• 
Figure I, Crystal snucturc of 6, omitting most H atoms and 
the solvent molecule of crystallisatiOn. The inlnt· and intcr-
moleculnr H-bonds are highligbled and the numbering 
scheme is defined. 
Of course, one could envisage an alternative mechanism 
to explain the formation of 6 that avoids the intermedi· 
acy or bicyclic: lactam S: a stereosclective Pictet-Spcn-
gler reaction in which condensation of the P·amino 
alcohol and keto-acid substratc results in formation of 
a totrahydro-~-carboline derivative which then under· 
goes lactam foamation to yield 6 in the final step.10 To 
date, no intermediates have been observed by us that 
would support this hypothesis with our substrates. 
An alternative approach to the indoliz.ino[8,7·b]indole 
ring system wru~ also investigated through formation 
and subsequent borohydride reduction or the imide 
intermediate 7, accessed in S4% yield from the required 
P.,.nmino alcohol and succinic anhydride.1 In this 
approach, summarised in Scheme 2, the intcnnediate 
ethoxy-lactam derivative 8 was not isolated since, under 
the reaction conditions, direct cyclisation via an N· 
acy!iminium intermediate was observed to yield the 
target heterocyclc 9 in 45% yield and as a 9: I mixture of 
diastereoisomers. The major diastereoisomer was iso· 
lated by crystallistltion and the relative stereochemistry 
of this product was detennined to be as shown in 
Scheme 2 by NOE studies. 11 Again, the relative stereo· 
chemistry observed on cyclisation of the attacking aro .. 
malic nucleus was as expected based on previous re5ults 
from our group.1c 
As noted above, access to the six~membered lactam 
homologue through application or this methodology 
would be highly attractive as it would allow access to a 
wide range of desirable indole targets. With this in 
mind we successfully prepared the bicyclic lactam sub-
strate 10 as a 5: l mixture of diastereoisomers in 58% 
overall yield. The relative Stereochemistry of the major 
isomer, represented in Scheme 3, was determined by 
NOE studies.12 Based on our previous work in a related 
area,13 these substrate diastereoisomers were not scpa· 
rated, but were treated with TiCI4 to promote the 
stereose\ective cyclisation reaction (Scheme 3). 
·we were pleased to isolate the cyclised product, tl, in 
54"1. yield and 1H NMR analysis of the crude reaction 
mixture revealed the formation of this product as a 5:2 
mixture of diastereoisomers. A comparative NOE study 
was undertaken on the isolated diastereoisomer~ to 
confirm that the relative stereochemistry or the major 
diastereoisomer is as shown in Scheme 3.14 
To demonstrate the potential synthetic utility of this 
new methodology we followed a method previously 
used by us to remove the hydroxymethyl auxiliary 
group (Scheme 4).1b.c Oxidation or 6 to the correspond· 
ing aldehyde was achieved in 90% yield using 1BX 
(o-iodoxybenzoic acid) in DMSO;U subsequent decar· 
bonylation gave a mixture of enamide 11 and target 
lactam 13. This product mixture was subjected to cata· 
lytic hydrogenation to convert the unwanted enamide 
through to Iactam 13. Finally, lactam reduction gener· 
nled the tertiary amine derivative 14 in 27% overall 
yield from the aldehyde. 
In summary, we report a facile and highly stereoselec· 
tive approach to a range of indole..containing heterocy~ 
cles from readily available nonRracemic substrates. 
Cunent work is focused on extending this methodology 
to specific indole alkaloid targets, nod our progress will 
be reported in due course. 
Acknowledgements 
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216 
Appendix 
S. M. Allln "'' ai./Tmahrdron Uum # (2003) 2J35-2JJ7 2337 
~u --. ....==\ NIBH,, EtOH ~'1"_.:Q-12M HC~ 20 h, 0 
O OH H 
7 
~o".("­
'-'.,)1 ""· ~0 
H 
ta1uane,A 
... % OH ~ m,,CHA 0 r!:J.SrP -78"CbRT, ~ 2Dh 
10 11 
Sdleme3. 
6 (I)~ --4 ~0 •U - 0 
""' 
~~ 
"' 
!·," 
~ 
14, (aJo•-87.l 
" 
Sclleme 4. Reagti1U a11d tontUticng: (i) IBX, DMSO, 24 h; (ii) Rb(PPh,)iCO)CI, xylene, A, .S days; (iii) H~/100/a Pd-C, EIOH, 48 
h; {iv) Red-A!, toluene, 20 h, rt. 
Rererences 
I. (n) Herbst, D. R.;Smith, H. Clu:m. Abstr.l!nl, 75, 118297d; 
(b) Herbst, D. R.; Smith, H. Cl~tml. Almr. 1912, 77, 
p l4373d. 
2. (a) Herbst, D. R.;Smith, H. Chrm. Abm.l97t, 7J,II8297d; 
(b) Herbst, D. R.;Smith,H. C/rem. Ab.rlr.191l, 76, 11306lh. 
3. (a) De La Figucra, N; Alkorta, 1.; 011rcia·Lopc1 .. M. T.; 
Hernnz. R.; Gonzalcz·Muniz, R. Tetrahedron 1995, SI, 
7&41-7856: {b) Martln-Martinc:x, M.; De La Figuera, N; 
Latorrc, M.: Herranz, R.; Gurcla-Lopez, M. T.; Ccnarru7.· 
abcitia, E.: Del Rio, J.;Gom:alcz·Muni~ R. J. Mctl, C1Jcm. 
%DOG, 43, 3no-3n7. 
4. For elUimple, see: Din Belle, D.: Tolvanen, A.; Lounasmaa, 
M. Tctru!Jetfroll 1996, 52, 11361-11378. 
S. Martin, S. F.; Chen, M. X.; Eatrly, C. T. Org. L~ttt. 1999, 
I, 79-81. 
6. For example, see: Martin, S. F.: ctark, C. W.: Corbeu, J, 
W. J, Org. C!Jem. 1995, 60, 3236-3242. 
7. (a) Allin, S. M.; North field, C. J.; Pllge, M. I.; Slawin, A.. 
M. Z. T~:truhtulroll Lett. 1998, 39, 4905-4908; (b) Allin, S. 
M.;Jumcs,S. L.; Martin, W. P .;Smith, T .A. D. Tl!trttlledran 
l...ctl, 1001, 41, 3943-3946; (c) Allin, S. M.; James, S. L.: 
Murtin, W. P.; Smith, T. A. D.; Else good. M. R. J. J. Clwm. 
Soc., Pcrk/11 Trmu. I 2001, 3029-3036. 
8. Compound 5 WltS observed to begin to convert to 6 on 
standing in an NMR tube in coa, solvent. 
9. Crystallographic data (excluding structure f<&ctors) for the 
structure in this pnper ha'te been deposited wilh the 
CambridgeCrystallographic Duta Centre (CCDC 19&533}. 
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Clu:m. Canumm. 1994, 613-614. 
l t. The absence of an NOE between the protons siluatcd at 
positions Sand llb of product 9 is consistent with the 
proposed structure. As we were unable to isolate the minor 
diastcreoisomer 1ve were unnble to earry out a comparative 
NOE study. This resuh is in agreement wilh related work 
from our group (Ref. 7b). 
12. We were able to perform a set of compal'!ltivc NOE nu dies 
on the scpurublc dillStereoisomen ofproductiO. In the case 
or the major dinstcm~isomcr. 10, an NOE was observed 
between protons at positions 3 and S. In lhc case of the 
minor diastcreoisomer,ao NOB was observed. Both resuhs 
arc ia accord with previous res-ults from our group detailing 
the preparation of 5,6-fused bicyclic lactams (Ref. 11). 
13. Allin, S. M.; Vaidya, D. G.: Jnmes. S. L,; Allard, J. E.: 
Smith, T. A. D.; McKce, V.; Martin, W. P. Tetruhltdron 
Lcfl. 200:Z, 43, 3661-3663. 
14. We were 11blc to perform a set of comparative NOE studies 
on the separable diastc:rcoi50mcr:s of product lt. In the case 
of the minor dit15lcrcoisomcr an NOB was observed 
between protons 111 positions 6and llb. Jn the case of the 
major diastcreoisomcr, ll, no NOE wns observed. 
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Abstnu::t-We report u novel, (ucite and highly stcrcosclcctive approach to the indolo(2.3~]quinolizinc ring system from a readily 
nvullablc, non·raccmic chirnl template. We dcnlOilStrnt<: the potcntiul for application of this methodology to matural product syn~ 
thesis through convcrsiott or the template to a simple indole alkaloid with high cnnntiomeric purity. 
!Cl 2004 El5cvier Ltd. All rights reserved. 
The indolo[2,3-lt]quinolizinc ring system 1 is of great 
interest and significance since this heterocyclic template 
is found within a plethora of highly biouctive indole 
ulkaloids, including geissoschizine 2,' vellosiminc 32 
und ajmnlicine 4.J The presence of the lactam carbonyl 
in templates such as I would allow for possible further 
functionali~ution en route to the natural product targets. 
Recent approaches to the construction or this hetero-
cyclic target system by other groups have included 
the diastcremmlcctive vinylogous Mannich rcaction,4 
Appendix 
2 
3 4 
• Corr..::~onc..lin~ U\llhor. Td.: i-44-(0)-1509-222559; tax: +-14·(0)·1509-
223925; e-muil: s.m.ullin@lboro.ac.uk 
U040-4039/i • 5CI! front mutter Cl 2004 El~!!Vil!r Ltd. All ri~hu. rc~ern:d. 
dni: 10.1 0161j.h:th:t,2004.07.121 
Bischler-Nnpicralski reaction,5 Fischcr indole synthcsi!i(' 
and the asymmetric Pictet-Spcnglcr reaction. 7 
We have recenUy developed a new and ge11eml approuch 
for the stereosclcctivc synthesis of a range of non-I"JCC· 
mic heterocycles that involves the cyclisation of pendent 
aromatic substituents onto N-ac1Uminium intermediates 
as the key ring-forming step. Based on our novel 
approach to the indolizino[8,7-b)indole ring systcm.A:~ 
we recognised that a suitably substituted bicyclic lactam 
could act as a precursor in u stcreoselectivc approach to 
the indolo[2,3-u]quinolizinc ring systctn. 
Our approach to the synthesis of the required bicyclic 
lactnm substrate 5 followed the general method previ-
ously used in our group.8 The IJ-amino alcohol deriva-
tive of (S)-tryptophan was rcuctcd 1mder Dcun-Stark 
conditions in toluene with an appropriutc functionaliscd 
substrate for 48 h (Scheme 1). Under these reaction con-
ditions, we were able to isolnte the expected bicyclic li.\c-
tam in 69% yield as a 5:1 m.ixturc of separable 
diastercoisomcrs. Sn nnd Sb. 
The rclalive stereochemistry or the major diastereo-
isomcr S11 was determined by single crystal X·ray anaty .. 
sis (Fig. 1).9 This indole-containing bicyclic htctam is a 
novel example of the fused S,6-ring system folVourcd 
by Amat et al.,to and the relative stereochemistry 
observed for the major isomer Sa is consistent with 
rcsuhs obtained both by these rcscurchcrs ttnd in our 
own previous work in other nreas.11 h 
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Scheme 1. 
~OH )._• ~) NHa +L= 
H 
Fiaure 1. CryJio.l !lructurc of 5:a. 
ln a previous communication, we noted briefly that 
treatment or the initial mixture of diastereoisorners of 
substralc- 5 with TiC!,a gave the desired indolo{2,3-u}qui-
nolizine target 6 in 54% yield, but with only u poor level 
of product diastereoselectivity (5:2).8• We have now dis--
covered that simply treating the mixture of bicyclic lac-
lam substrate diastereoisomcrs, Sa and Sb, with 2M HO 
in ethanol ut room temper.tt\INl for 20b gives an excel-
lent yictd or 9.5% for the cyclisation reaction, and leads 
to the fom1ation of the desired indolo[2,J..ttJquinolizinc 
product as a sfngfe dictstcreoisomcr (Scheme 2). 
The relative stereochemistry of the single diastereo-
isomer 6 was determined by single crystal X-ray analysis 
(Fig. 2)'J and was found to be as favoured in the Ti04 
mediated cyclisntion reaction that httd previously given 
only a 5:2 mtio of product diastereoisomers. 
To highlight the potential synthetic utility of our 11ew 
methodology in the target synthesis of complex indole 
alkaloids and their synthetic analogues, we undertook 
the synthesis of a simple indole alkaloid, (SH-)-
1 ,2,3,4,G, 7, t 2,l2b-octahydroindolo(2,3-rl)quinolizjne, 11, 
the main constituent of Drucontumelum mungiji!rum 
BJ. 11 In order to access the natural (S}enantiomer of 
the target we were required to work with the opposite 
stereochemical series of the template. Hence compound 
7 was prepared us u single dinstercoisomer from (R)·tryJ"" 
tophun b~ 1111nlogous chemistry to that described above, 
4W 
Sa,b 
SctM:m~ 2, 
Appendix 
2t.4 HCI. EIOH 
RT, 20h ~ ~"V 
• 
•• Sb 
Fig~e 2. C'rystnJ S\ruc:lun,: or 6. 
an X-ray crystal structure of 7 was also obtnincd. Our 
synthetic route to the natural product 11 from 7 is 
highlighted in Scheme 3. 
Our previous method to remove the hydroxymcthyl 
'auxiliary' group from templates such as 7 has involved 
n rhodium~induced decarbonylation scquence.8;l Due 
to the rather long re-action times generally needed for 
our substrates in this protocol we have now applied un 
easier approach that relies upon a decarboxylation strat-
egy, Compound 7 was oxidised to the carboxylic acid 
derivative 8 through the com:spoltding nldchyde; from 
8 we generated the acyl sclenide derivative ilnd subse-
quently performed a tin-mediated dcacylntLon to yield 
the indolo[2,3-a]quinolizinc ring system 9. Dcprotectio1t 
of the indole nitrogen gave known compound tO in 
>95% cc by comparison of optical rotation data. lla 
Rcductive removal of the Jactam carbonyl group com-
pleted the synthesis of the natural product. T11rgct 
{S)·(-)-11 was found to have an cc of 95%. und the 
same absolute configuratioa1 as the nutural product by 
comparison of opticut rotation dnta.1lb 
In summary, we report a facile and highly stercosclcctivc 
approach to the important indolo[2.3·cl]quinolizine tem-
plate from readily available non-ruccmic substratcs, and 
have demonstrated the structural modifTC'.ttion of the 
template to deliver a simple indole alkaloid with high 
enantiomeric purity. Current work is focused on extend· 
ing lhe methodology described in this paper to other, 
more complex indole alkaloid targets. Our progress will 
be reported in due course. 
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Scheme 3, Rc::tgenllund cunditiont: (i) JBX, OMSO, rt, 241t (65"1•); (ii) EtlN, (BoehO, OMAP, THF, rt. 4h (54•t.): (iil) NaOO:. NaH~PO~. 
l·mc:thyl·l·~o-yt:lohc::umc. CHlCN, 1-BuOJ.I, H~O. O-<: tort, ISh (70%); (i\') {PbSch, PBu)o CH1Ch, o•c tort, ISh (66'l'•l: {\') n-Bu~nH, AIBN, 
toluc:m:,. S0°C, 2h (98%); (vi) TBAF, TIW, 6, Jh then rt, !lh (63"/.); (vii) LiAIH,, THF, A. 9h (96"/o). 
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